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ABSTRACT

The family of routines designated as COHORT was recoded in FORTRAN-IV
language and several improvements were made in the routines in order to
increase their efficiency and to widen their range of application to
radiation heating and transport problems. Every effort was made to dis-
cover and correct all coding errors in the updated version of COHORT and
the accuracy of the calculational methods used in the code was checked
out through comparisons of results from test problems with data from

other calculational methods.

A discussion of the modifications made to COHORT and comparison of
results from the FORTRAN-IV version of the code with data from other
calculational methods are given in Volume I of this report. Utilization
instructions for the FORTRAN-IV version of the primary source generator
routine, 801, the secondary source generator routine, S02, and the tape
read routine, C0l, are contained in Volume II. Utilization instructions
for the history generator routine, HOl, and the tape sort routine, JO1,
are contained in Volume III. Utilization instructions for the two

analysis routines, AOl and AO2, are contained in Volume IV.
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I INTRODUCTION

This document contains the utilization instructions for the two
analysis routines A0l and AO2 that are two of the family of seven rou-
tines designated as the COHORT (Calcﬁlation of Heating or Radiation
Transport) Code (Ref. 1 & 2). The primary purposes of this document
are to furnish information necessary for the preparation of input data
for the two analysis routines, to provide operational instructions,

and to identify the values printed as output data for the two codes.

Brief descriptions of the methods used in the two routines are given

as an aid in the preparation of the input data.

Both of the analysis routines are designed to analyze the collision
data written on the history tape by the History Generator routine, HOl.
The AOl routine gives an estimate of the scattered flux at each of a
set of from one to five point receivers from each of the collisions
written on the history tape. The scattered flux is recorded as a func-
tion of energy and as a function of the polar and azimuthal angles of
the particle's direction as it passes through the receiver point. The
AQ02 routine gives an estimate of the average number of track lengths
within each region. The average number of track lengths within a region
may be converted to flux by dividing by the volume of the region. The
track lengths are recorded versus region and energy. The A02 routine
also gives the angular distribution of the current leaking into the

outside region.



IT ANALYSIS CODE AOl

The function of the A0l code is to estimate the scattered flux at
each of a set of one to five point receivers that may be located at any
position within the defined geometry. The geometry description for the
AOl code 1is identical to that for the History-Generator Code H01l dis-—
cussed in Volume III of this report. The position of the scattering
centers, the energy, and direction of the particle before collision,
the weight after collision, the type of collision, the target nucleus,
and the region of scatter are furnished to the A0l code by the history
tape written by the HOl code. AOl calculates the probability of scat-
tering through the angle, ¥, between the particle's direction before
collision and its direction after scattering toward the receiver posi-
tions, Next, the energy after-collision and the attenuation of the
particle weight from the collision center to the receiver is calculated
and then multiplied by the probability of scattering through § to obtain
an estimate of the flux scattered to the receiver from that collision
center, The sum of the estimates from all collision centers to a given
receiver position divided by the number of histories gives an estimate

of the total scattered flux at that receiver position.



2.1 Flux at a Point Detector

The spatial coordinates of a point detector are denoted as X Yy
and Z;. The coordinates of the collision point are denoted as X, Y
and Z. The distance between the collision point and the ith detector

point is given by

Nof e

a, = [ - xi')2 + (¥ - yi)z + (2 - zi)z]

and the direction cosines of the flight path to the detector are given

by X, X
4 = a,
y; - X
Bi - di >
z, - 2
- 1
Vi d, :

The laboratory system scattering angle through which the particle must
scatter in order to be heading toward the detector is computed by the
equation

= +
coswi ao BBi + YYyo

where o, B, and y are the direction cosines of the particle before colli-
sion. The distances traveled through each region along the flight path
between the collision point and the detector point are computed and
multiplied by the total cross section for the energy after collision

for each region to give the path length in each region.

The method used to compute the particle energy after scattering
through the angle ¢ is dependent on the type of particle being con-
sidered. If the particle is a neutron, the energy after a collision
with any element of atomic weight A, except hydrogen, is computed by

use of the equation



2 1
24 A

_ 24 %
Ei = E[1 - (Ar1)2 + Y (1-B) +'?2;Iyz B cos Ai] .

where xi, the center-of-mass scattering angle, is given by

coszqzi - 1+ cosy, /ESEQE;‘i‘Kzﬁfl
coski = ABl/z .

In the above equations B is.a parameter taking on the value B=1 if the
collision is an elastic scattering event and the value B = (1 = EX/E)
if the collision is an inelastic scattering event. The energy E is
the neutron energy before collision.

The energy after a collision with a nucleus of hydrogen is given
by Ei = Ecoszwi. If cosy g 10_3, the calculation of the flux at the

detector is terminated, since neutron scattering through angles greater

than 90° cannot occur physically.

If the particle being scattered is a gamma ray, the scattered
energy is given by

E
i
1+.511 (l—coswi)

E' =

£ ]

where E is the gamma-ray energy before collision.

The probability that a neutron, undergoing a collision at X, Y,
and Z will scatter per unit solid angle into the angle wi so that it
will be headed toward the detector is denoted by

do
o, s(E)

Where‘%% (K,¥,E) is the differential scattering cross section in the

laboratory system for element K at angle y and energy E. The cross

section o (E) is defined as
K, S
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OK,S(E) = 27 -%% (E, ¥,E)singdy.

[

When neutron elastic scattering is anisotropic in the center-of-mass
system, the probability (see expression above) is computed from the
input cumulative probability distribution tables for the element of

collision as defined by the atomic weight A.

For those cases in which the elastic scattering is isotropic in
the center-of-mass system, and for all inelastic scattering events,
the probability of scattering per unit solid angle into the angle

Ai is 1/4w7.

The scattering probability in the center-of-mass system is con-
verted to the laboratory system by use of the equation

do do 2 3/2
an Ka¥sB) o (KA4,E) (A7 + 2cosA, + 1)

(E) (E) A2|A + cosh,

°%, s %, S
If the collision element is hydrogen, theée scattering probability per

unit solid angle in the laboratory system for angle wi is given by

1/w (coswi).

The angular scattering probability in the laboratory system for
gamma rays is independent of the material in which the collision

occurs and is computed from the Klein-Nishina formula by use of the

expression
do 2 3 2, 2
a0 (Wi,E) ) r, (P + P° - P7sin wi)
b4
OS(E) 2 oc(E)
where P = EE .
l+-T§iI (l—coswi)

rO is the classical electron radius, and
GC(E) is the gamma-ray scattering cross section per electron at

energy E.



The cross section GC(E) is computed from the expression

- 2(1+0 [200a+ 1 _1+30
o (E) = 2mr (QS T +29 - in(l + 2Q)] *29 n(l +2Q) - T3

where Q = E/.511 for gamma-ray energy E in units of Mev.

The estimator used to compute the particle flux at the detector
from each collision is given by

do

a.? %,s
1

~-exp

() ¢ >

F =

where exp is the sum of the mean free paths traversed through each re-
gion as the particle moves between the collision point and the detec-
tor, and W is the particle's weight after collision. The flux estima-
tor is storéd for each detector as a function of the particle's energy
and the angles cos_1 Yy and ¢i where ¢i is the azimuthal angle of the

particle'’s path at the detector.

2.2 Utilization of Analysis Code AQ1

The purpose of the Analysis Code, AO0l, is to calculate the inten-
sity and the energy and angular distributions of the scattered neutron
or gamma-ray flux at a set of from one to five detector points. The
code requires as input a HISTORY tape or, if the problem involves more
than one energy super—-group, a SORTED tape. The HISTORY or SORTED tape
furnishes information generated by the History-Generator Code, giving
data concerning collision points that were distributed throughout the
described geometry by the Monte Carlo method. In most cases the geo-
metry and cross-section data necessary for input into the A0l code will
be exactly the same as that used in HOl when generating the HISTORY
tape and, therefore, many of the library decks used in the HOl problem

may be used in the A0l problem also.



2.2.1 QOperator Instructions AQl Code

The AOl code may use as many as 8ix logical tape units in addition
to. the regular input and output logical tape units 5 and 6. Input HISTORY
or SORTED tapes should Ee loaded on logical tape units 3 and 4 before
starting the problem.) If there is only one input HISTORY or SORTED tape,
it should be loaded on logical unit 3. If cross sections are to be input
on tape, the cross-section tape should be loaded on logical unit 11. If
cross sections are input on cards, they will be transferred to the tape
on logical unit 10, and if desired, the operator may be instructed to
save and label the tape on logical unit 10. In any event the operator
should be informed that logical tape units 1, 9, 10 and 11 may be used

during the process of running a problem with the AOl code.

2.2.2 A0l Input Data Formats

The cards making up the problem input and the library data for A0l
must be sequenced in columns 69 through 72. The first card of each
problem input or library data deck must have a 0001 in these columns
and each succeeding card must contain the numbers in increasing sequence.
In addition, the numbers in columns 67 and 68 of all cards within a
deck must be 00 for problem input data or the library number for library
data decks. Instructions are included in the COHORT routines to verify
the sequence of cards as they are read in and to check to determine
whether all cards in a deck have the correct number in columns 67 and 68.
If the program detects a card out of sequence or an incorrect number
in columns 67 and 68, an error statement will be printed and the problem

will be terminated.



2,2.2.1 AOl Problem Input Data

Each problem run on the Analysis Code, AOl, will require a problem
input data deck which must be placed immediately behind the "data" card
that separates the binary and data decks. ‘The format for the A0l prob-
lem data is shown in Table I.

TABLE 1
AQl Problem Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit
1 1215 TEPMAX  Number of energies bounding printout <21
energy groups
IGPMAX  Number of angles bounding printout 521
polar angle groups
IPPMAX  Number of angles bounding printout <5
azimuthal angle groups
IREGSC =0
ND Number of detector points <5
NEL Number of elements <8
NG Type of particles
NG = 0, neutrons
NG = 1, gamma rays
NG = 2, secondary gamma rays
NHT Number of input HISTORY or SORTED tapes <2
NREG Number of regions 3sNREG<50
NUB Number of outside boundaries <20
NLIB Number of input libraries (This number

is checked against the number of libraries
actually furnished and the number of
libraries. that the code calculates that
are necessary for this problem)

NMAT Number of materials <8



TABLE I (continued)

VInput
Card Format Item Definition Limit

2 1H,A6,A3, H(1),H(2) Label of input tapes (usually HISTORY
1015 " or SORTED)

MHTAPE(K) Input HISTORY or SORTED tape numbers (X=1 <10
to NHT; if one of the tapes is only partially
filled, the number of that tape should be
the last one listed.)

3 815, NSG Number of energy super-groups <20
E10.4
IQID Tape number of cross section tapes (If
cross sections are input on cards rather
than tapes, leave this field blank.)

NHIST Number of histories

MKREC (1) Number of records on last HISTORY or
SORTED tape that is to be input

MKREC(2) Number of sets of collision data in the
last record of the last HISTORY or
SORTED tape to be input
ISRCTP HISTORY or SORTED tape option

ISRCTP

0, HISTORY or SORTED tape is
available (A01l, AOQ2 library
5 not needed)

1, Collision data will be input
on cards rather than tape
(AO1, AQ2 library 5 is needed)

ISRCTP

NTAP Cross-section tape option

NTAP = 0, cross sections not on tape
(library 6's are needed for
each super—-group of every element)
1, cross sections will be input on
tape (library 6's are not needed.)

NTAP

(If cross sections are on tape, libraries 6
and 10 are not needed, but if cross sections
are on cards, libraries 6 and 10 are needed.
Cross-section tapes written by the HOl code
will not be accepted as input into the A0l
code.)
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TABLE I (continued)

Input

Card Format Item

Definition o Limit

JSENSE

EPSL

Intermediate printout option

JSENSE

0, do not print out intermediate
print data

JSENSE = 1, do print out intermediate

print data

(JSENSE should be 0 if more than 50 his-
tories are being run, otherwise too much
intermediate printout will be received;
50 histories may give a stack of printout
from 6 to 12 inches high.)

Small increment used to move a particle's
position off a boundary (This value when
added to the largest distance to a boundary
that is anticipated in the given problem
should change that distance in the first
eight significant places.)

4 6E10.0 BEGGER(K,M) Number of sets of collision data (+.5)

5 1215

IETAP(K)

for super—-group M on HISTORY or SORTED tape
I (if NHT = 0, omit cards with BEGGER(K,M)
values.)

Number of tabulated cross sections for super-

group K (maximum of 100)

Follows 6E10.0 PPRINT(K) Angles bounding printout azimuthal angle

last
IETAP(K)
card

groups (degrees, ascending order; the first
value is the lower bound of the first angle
group and the remaining wvalues are the
upper bounds of the first through the last
groups.)

Follows 6E10.0 EPRINT(K) Energies bounding printout energy groups

last
PPRINT (K)
card

(Mev, ascending order. The first energy
bound should be equal to EMIN and the re-
maining values the upper bounds of each
of the printout energy groups)

Follows 6E10.0 GPRINT(K) Angles bounding printout polar angle

last
EPRINT(K)
card

IPPMAX

K=1
LEPMAX

K=1

groups (degrees, ascending order. The IGPMAX

first value is the lower bound of the
first angle group and the remaining values
are the upper bounds of the first through
the last groups.)
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TABLE I (Continued)

’ _ Input ; s _
Card Format JTtem Definition Limit
Follows 110, NRD(K) Region in which the Kth detector is K=1,ND
last . 3E10.0 located (K = 1 to ND)
GPRINT (K) :
card XK1(K) ) 4
YD1(K) © Spatial coordinates of detector K
ZD1(K)
"%

Follows 4E10.4 EGRP(X) Lower energy bound for energy group K K=1,NSG
last N - ,
NRD(X) card EMAX(K) Upper energy bound for energy group K K=1,NSG
Follows 6E10.0 ESI(K) Energy below which elastic scattering is K=1,NEL
last isotropic in the center-of-mass system
EGRP (K) for element K. (These values are not re-
card quireﬁ for a gamma calculation, but a

blank space must be left for each element

of the problem.) ‘ k
Follows -6E10.0 AIWT(K) Atomic weight of element K (These values K=1,NEL
last must be listed in the same order that they
ESI(K) were listed in the HOl problem that wrote
card the tape used as input in this problem.)
Follows 6E10.0 DN(J,K) Atomic demnsity of element K in material K=1,NEL
last J (Start new card for each material.) J=1,NUMAT
ATWT(X) card
Follows 6I10 NB (K) Number of boundaries defining region K  K=1,NREG
last ‘
DN(J,K) card
Follows 6I10 MATREG(K) Material in region K K=1,NREG
last
NB(K) card

* Reading order: (EGRP(K), EMAX(K), K=1,NSG)

2,2.2.2 Library One: HO1l, AQl, A02 Codes

Library one contains information describing boundaries fof,the COHORT

codes HO1, AOl'and A02, TIf AO1l, AO2 and HOl problems are being run for

the same geometry, the same library deck 1 may be used in the input in

all three codes. In describing the boundaries, the outside bbundaries

must be

described first.

A boundary should not be used both as an inside
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and outside boundary because once the program discerns that a particle has
crossed an outside‘boundary from an insideV;egion,ythe tracking of the
particle is terminated. If the geometfy is such that a boundary is both
an outside and an inside boundary, it shbuld be defined twice, first as
an outside boundary and later as an inside boundary. The format for the
data in library one is giveﬁ in Table II.
TABLE II
Library One Input Data Format

(for Columns 1 through 62)

Input
Card Format Ttem » Definition Limit
1 2110 LIBT Type of library to be read in (LIBT =1 =1
for library one)
NBD Number of boundaries described in <75
library one 25NBD

The next NUB cards should contain the boundary descriptions
for the NUB outside boundaries of the geometry being described.

2 110,*# IBT(K) Type of boundary for boundary K K=1,NBD
5E10.4

IBT(K) = 1, sphere, ellipsoid or hyperboloid
IBT(X) = 2, paraboloid
IBT(K) = 3, cones
IBT(K) = 4, cylinders
IBT(K) = 53, plane containing Z axis
IBT(K) = 6, plane perpendicular to Z axis
IBT(K) = 7, plane perpendicular to X axis
IBT(K) = 8, plane perpendicular to Y axis
IBT(K) = 9, arbitrarily oriented plane

AF (K)

ZF(K)

CF(K) Curve-fit coefficients for boundary X

XF (K)

YF (K)

* Reading order: (IBT(K), AF(K), ZF(K), CF(K), XF(K), YF(K), K=1,NBD)
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2,2.2.3 Library Two: HO1, AQl, A02 Codes

In Library Two the various inside regions in the geometry under
consideration are described by giving the boundary numbers that en-
circle each of the regions., If the same geometry is being considered
in HOl, A0l and AO2 problems, then the same library type 2 may be used
in the input of all three codes. The material within any one region
will be taken to be a homogeneous mixture. The History—-Generator Code
and the Analysis Code (A02) calculate respectively energy depositions
and track lengths within regions; so the size of the regions should be
chosen to give the best statistical results. The codes assume that
the first region described is the source region. It is not necessary
that all source particles originate in this region, but the problems
will run more economically if most of the particles originate within
this region. Region 2 is understood to be the outside region and is
not described in this library. Inside regions may be listed in any
order desired, but different arrangements may prove to be more economi-
cal, since upon a particle's crossing a boundary, a search is performed
beginning with the most probable region of entry across that boundary
and cycling through the regions in the order they are input from that
point until the region containing the particle's location is found.

In many instances, it may not be feasible to obtain the optimum
arrangement of the order in which the regions should be input, but an
effort should always be made to cause the code to do as little search-

ing as possible.

Boundaries used in describing a region should not extend into the

region, That is, an area such as that depicted below should not be



14

described as one region because boundaries e and d extend into the
region. The codes calculate the distances from a particle's location
inside a region to each boundary surrounding that region and assume
that the least positive distance is the distance to the outer edge of
the region measured along the direction the particle is moving. If

a boundary extends inside a region, it would be possible to move the
particle's location through this least positive distance and still not
have moved the particle to the outer edge of the region. The region
depicted above should be divided into two regions so that the boun~
daries surrounding either of the two regions would not extend into

the region being surrounded. One such region would be that surrounded
by boundaries a, f, e and b; the other region would be that surrounded

by boundaries e, d, ¢ and b.

Care should be taken to prevent a reflected region from appearing
in the described geometry. A reflected region is one which is not
described in the input but exists because the conditions required for
a particle to be in a region are satisfied for some region described
elsewhere in the configuration. The sketch below illustrates an

example of the situation.
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If the above figure is rotated about the Z axis, region 1 will
form a cone which is the described region, and region 1A will form a
cone which is the reflected region. Any particles in the cone formed
by region 1A will satisfy the conditions that are required for a
particle to be in region 1. To avoid the description of a reflected
region, an additional boundary should be used in describing region 1.
This boundary need not border region 1 but should be placed between
regions 1 and 1A so that all points in region 1 would lie on one side
of the boundary and points in region 1A would lie on the other side
of the boundary. The format for data contained in library two is

given in Table III.
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TABLE III

Library Two Input Data Format

(for Columns 1 through 62)

Input =
Card Format Item Definition Limit

1 110 LIBT Type of library to be read in

(LIBT = 2 for this library
*

2 1215 IBN(K,N) The nth boundary surrounding region K=1 or 3

K (see NOTE below) through
NREG K#2

MPR(K,N) The most probable region of entry .
across the nth boundary from region K  NREG

* Reading  order: ((IBN(X,N), MPR(X,N), N=1,NB(K); K=1 and 3, NREG)

If Region K has fewer than seven boundaries, a second card for that region
is unnecessary. Two cards will be the maximum necessary for any region,
since the maximum number of boundaries encircling a region is nine. The
maximum number of regions for any one problem is 50.

NOTE: The boundary numbers must be given a sign that corresponds
to the sign of XR which is calculated as shown in the text.

2.2.2.4 Library Five: A0l1, A02 Codes

Library five is omitted if the value ISRCTP in the problem input-data
is zero. Library five supplies information for up to 20 collision points
and is used in lieu of an input HISTORY or SORTED tape when more control
over input variables is desired for checkout purposes. The collision
parameters that are entered into‘the code fhrough library five should
be sorted according to energy so thaé‘tﬁése Sets of parameters for the
energies in the first super-group afé read in first, those in the second
gorup, next, and so on. The format to be used when preparing a library

type 5 data deck is shown in Table 1IV.
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TABLE IV
Library Five Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit
1 110,10%, LIBT Library type (LIBT = 5 for =5
15 this library)

ISRCRC Number of collisions for which <20
collision parameters are to be
read in

%
2 6E10.4 X1(K} K=1,ISRCRC

Y1{K) Coordinates of collision point

Z21(X)

AG(K)

BO(K) Direction cosines of particle's

CoOX) direction before collision

EO(K) Particle's energy before collision

A(K) Atomic weight of element with which
collision occurred

W1(K) Particle's weight

NR1(X) Region in which collision occurred

EX1(K) Excitation level of target nucleus

* Reading order: (X1(K), Y1(K), Z1(K), AO(K), BO(K), CO(K),
EO(K), A(K), W1(K), NR1(K), EX1(X), K=1, ISRCRC)

2.2.2.5 Library Six: HOl, A0l, A02 Codes

A library six is required for each energy super-group for every
element. This library, for which the input format is given in Table V,
gives the total, scattering, and elastic cross sections for neutrons or
the total, Compton plus pair production, and Compton cross sections for
gamma rays for arbitrarily spaced energy points within the energy super-

group. Only the total neutron or gamma-ray cross sections are necessary
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for the A0l and AO2 codes, but if a library has been made up for the
HOl code, it may be used "as is" in the input for the AOl and A02

codes, The range and spacing‘of the energy points within a given energy
super—-group must be the same for the different elements. The cross sec-
tions are listed first for the highest energy of the group and then in

descending order to the lowest energy of the group.

Libraries type 6 may be loaded behind the problem input data in
any order, since the codes write the cross-section data on tape as it

is read in and then rearranges the data according to super-group after

all library data are read in.
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TABLE V

Library Six Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition , : Limit

1 2110,2I5  LIBT Library type (LIBT = 6 for this’ =6

library

K Number of energy points at which <100
cross sections are read in

J Element number (Elements are num-—
bered in the order that their atomic
weights are listed in the problem
input data.)

L ‘Energy super-group number (Energy
super—-groups must be numbered beginning
with the group of highest energies as
Group 1 and increasing the group num-
ber as the energies within the groups
decrease.)

%

2 4E10.4 ENERGY(M) Energy points (descending order) within
through the super—-group at which cross sections
M+1 are defined (These energies should be
cards the same for all library sixes for a

given super-group.)

™I, M) Total microscopic cross section for
Element J (M = 1 to K)

NRG = 0, neutron cross sections
NRG = 0, gamma-ray cross sections

SM(J,M) Microscopic scattering cross section
for Element J (M = 1 to K)

NRG = 0, neutron scattering cross section
NRG > 0, gamma-ray Compton plus pair-
production cross section

ESM(J,M) Microscopic elastic cross section for

neutrons or Compton scattering cross
section for gammas for element J
M= 1 to K)

* Reading Order: (ENERGY(J,M), TM(J,M), SM(J,M), ESM(J,M),
M=1,K)
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2.2.2.6 Library Ten HOl and AQl Codes

A library ten is required for every energy super—group within which
neutron elastic scattering is on an element basis and is non-isotropic
in the center-of-mass system. That is, if the value ESI(J) for the ele-
ment J is less than the maximum energy of the super-group, then a library
ten is required for this super-group for element J. A library ten is
not required for neutron elastic scattering by hydrogen or for gamma-ray

problems.

Library ten gives the cosines of the center-of-mass scattering
angles for equal values of the cumulative probabilities for intervals of
0.05 from 0.05 to 1.0. Both a library ten and a library eleven should
not be input for the same super-group, since values in libraries ten
and eleven occupy the same storage locations in the core. The format to

be used in making up a library type ten is illustrated in Table VI.
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TABLE VI
Library Ten Input Data Format

(for Columns 1 through 62)

Input

Card Format Ttem Definition Limit

1 2110,2I5 LIBT Library type (LIBT = 10 for this
, library)

K K = 20, the number of probabilities
for which the cosines of the scat-
tering angles are listed. (This
number must always be 20.)

J Element number (The elements are
numbered in the order that the atomic
weights are listed in the problem
input data.)

L Energy super-group number (The super-
groups are numbered beginning with the
group of highest energies as group 1 and
the number of the groups increasing as
the energies of the groups decrease.)

2 6E10.4 NCROS(J) Number of incident-energy groups for
which scattering probabilities are input
for element J (Maximum of 25)

Follows 6E10.4 ESCAT(J,N) Upper bounds of the incident-neutron
last energy groups listed in descending order
NCROS(J) card from 1 to NCROS(J))

Follows 6El0.4 DES(J,N,M) Cosines of the center-of-mass scattering

last angles for element J tabulated for equal

ESCAT(J,N) cumulative probabilities of 0.05 from

card 0.05 to 1.00 (20 values of cosines in
descending order)

2.3 A0l Sample Problem

An AQl sample problem was designed to analyze the history tape
generated by the HOl routine in running the HOl sample problem dis-
cussed in Volume III. The AOl problem reads the collision data from

the tape labeled HISTORY 166 and calculates by statistical estimation
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the scattered thermal neutron flux within the concrete slab at the posi-

tion X = 0.0, Y = 0.0, Z = 11.288,

2,3.1 A0l Sample Input

Table VII lists the input data for the A0l sample problem. The
problem input data is contajined in the first 20 cards shown in Table VII.
The remainder of the input data for the AOl sample problem is the same
as that for libraries 1, 2 and 6 in the HOl sample problem. The history
tape used as input contained information on 1981 collisions in 101 re-
cords. The first record is an information record and the last record

contains the collision parameters for only one collision.

2.3.2 AOQOl Sample Qutput

The output from the AOl sample problem is listed in Table VIII.
The coordinates of the detector position are listed to identify the
position at which the scattered fluxes are calculated. The scattered
flux is printed as a function of polar and azimuthal angle for each
energy printout group. The last page of printout gives the scattered
intensity summed over all energies as a function of polar and azi-
muthal angle. The scattered fluxes in the HOl output have not been
normalized to flux per unit source particle. To do this, the fluxes
should be divided by the number of histories run with the HOl sample
problem that produced the history tape used as input in the A0l sample
problem. The polar angles used in defining the AQl output are measured
from the positive Z axis of the coordinate system used in defining the
AQ1l geometry. The azimuthal angles are measured counter clockwise from

the positive X axis.
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TABLE VII AOl Sample Input Data

2 19 5 @& 3 1 0O 1 11 3 3 1 1660000001
HISTORY 166 1660000002
1 50 101 1 0 0 0 1,0-03 1660000003
1961.5+90 ' 1660000004
2 1660000005
0.0+00 90, 0+#00 1B0,0¥00 270.,0+00 360,0+00 1660000006
1.0-28  3,0-08 , 1660000007
0.0#00  10,0¥00  20,0+#00 30,0¢00 40,0+00 50,0+00 1660000008
60,0400  70,0+00 80,0400  90.0+00 100.0400 110,0+00 1660000009
120,0+#00 130, 0+#00 140,0+00 150,0#00 160,0+00 170,0+00 1660000010
180, 0+00 1660000011
7 0.0+00  0,0+00 11,288+00 1660000012
1.0-08  3,0-08 1660000013
3,0-28 1660000014
33,0#00 1660000015
1.0+00 1660000016
3 3 3 3 3 3 1660000017
3 3 3 3 3 1660000018
1 0 1 1 1 1 1660000019
1 1 1 1 1 1660000020

1 12 166010001 HO1

5 0,0+0 166010002 HO1
4 3.0¢2 166010003

5 66,4+0 166010004 Aol

5  1.328+0 166010005 HO1

6  2.656+0 166010006 HO1

6 3,984+0 166010007 HO1

6 6.640+0 166010008 HO1

5 9.296¢0 166010009 HO1

6 13,280+0 166010010 HO1

6 18,592¢0 166010011 HOL

6 25.560+0 166010012 HO1

5 39.840+0 166010013 HO1

) 1660620001 HO1

1 2 -2 2 -4 3 166020002 HO1

% 1 -2 2 -5 & 166020003 HO1

5 3 -2 2 =~ 5 166020004 HO1

6 & -2 2 -7 6 166020005 HO1

7T 5 =2 2 -8 7 166020006 HO1

) 5 -2 zZ -9 8 166020007 HO1

9 1 -2 2 -10 9 166020008 HO1

10 8 -2 2 -11 10 166020009 HO1

11 3 -2 2 =12 11 166020010 HO1

1z 10 -2 2 - 3 2 166020011 HO1

5 21 1 166060001 HO1

3.0-8 7a53-1 T7.4321-1 7.4321-1 166060002 HO1

1,0-3 Te53-1 7,4321-1 7.4321-1 166060003 HO1
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. TA ~
CROSS SECTIAN TAPE LABELED cnugs -0 ﬁAS GEﬁERATED AND CONTAINS THE FOLLAWING INFORMATIEN.
2 = NUMBER OF RECORDS_@N_THIS TAPE_ i

11 = NUMBER 2F REGI®ZNS
—— 1 = NUMBER @F ELEMENTS

1 = NUMBER #F MATERIALS
1 = NUMBER @F SUPERGRAUPS

0 = NEUTRONS, GAMMAS, @R SECONDARY GAMMAS

PREBLEM NUMBER 1660 0 i

HISTOARY TAPES LABELED HISTORY 166 THRAUGH HISTORY 166
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_TABLE VIII__AQl Sample Qutput Data (cont'd)
DETECTOR NUMBER 1 ‘ :
CAGRDINATES X = 0.000E=38, Y. = 0,0006=38, Z = 0,113E 02
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TABLE VITII _AOl1 Sample Qutput Data = (cont'd)
PARTICLE ENERGY = 0o100€~07 T@ Oo300E-07 MEV
__PALAR - i ' ;
ANGLE .  AZIMUTHAL ANGLE (DEGREES) . I
{DEG) 020~ 90,0 9Qe0—tssss 180,0=sssss 270,(-nnnss SUM
10,0 0052850E-03 0424832E-03 0.13902E-04 0,B87758E=-04 _ 0.87848E-03
2040 0.00000E-38 0438321E-03 0.46140E-03 0.42865E-03 __ 0.12733E~02
30,0 0927314E-03 0,79285E-02 0,25053E-03 0.84139E~03 _ 0, 92936E~02
4040 0,00000E-38 0456215E-05 0.18388E-03 0433781E-04 0422328E~03
978E=0 81135E=05  0,93982E=06 0.15774E-05 0.14989E~01
1767E-~ 49471E=03 0,60483E=04 0s11559E=05 0o 55662E~03
7040 0432221E-07 0450304E-02 0,23984E-02 0.17782E-04 0o T4466E~02
9651E= 64E=04 0451177E= 0.10588E=04 0, 45176E~02
- - 997E=02 88623E-08 40911E~02
100.0 0096410E~07 0,87461E=03 0o87365E~02 0.79055E-07  0.96112E-02
110.0 _0437692E=06 0e4154T1E=03 0451103E-03 0.21206E-04 _ 0.68733E-03
12040 0418218E~07 0e11694E=02 0s29066E=07 0.64048E~05  0o11T59E-02
130,0 0.00000E-38 _0,00000E-38 0.00000E-38 _0.00000E=38 0. 00000E-38
14040 0.00000E-38 0,12134E-06 0,00000E-38 0.00000E-38  0,12134E-06
15040 0,00000E=38 0,71838E=05 0.14492E-02 0.00000E=-38  0.14564E=-02
160.0 0.00000E-38_0,00000E-38 0,00000E~38 0.00000E-38 _ 0.00000E-38
17040 . _0.00000E-38__ 0.00000E=38 _0,00000E-38 0.00000E-38 __ 0. 00000E-38

180.0 0000000€~38 0,00000E~38 0,00000E~38 0,23709E-03 0623709E=~03

SUM " 0o 19T7T45E~01 0.18526E-01 0,16478E~01 0.16875E-02 0.56437E-01
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2.4 AO1 FORTRAN-1IV Listings

C THIS PROGRAM CALCULATES FLUXES AT DETECTOR POINTS (5 MAXIMUM)
C TAPE UNIT ALLOCATIONS === TAPE NOs 1 LATENT DATA ( WORKING TAPE )

aRaXaRaNa!

1

1

1

LNV BWN e

NV SN

TAPE NOes. 2 LATENT DATA ( WORKING TAPE )
TAPE NOe 3 HISTORY PARTICLE DATA ( SAVE )
TAPE NGe 4 HISTORY PARTICLE DATA ( SAVE )
TAPE {0« 9 CROSS SECTIONS ( SAVE )
. TAPE NOJLIC CROSS SECTIONS { WORKING TAPE
COMMON /SCTAP/ IDTs ADs BDs CDs Ds Xs Ys Zs Ws NRs EIs DESLy
ICOLs ICOLls JSENSEs KRECs KLMAX

COMMON /WEDWIT/ IDTAL(20)s ADAL(20)s BDAL(20)s CDAL(20)s DAL(20),
XAL1(23)s YAL(20)s ZA1(20)s WAL{20)s NRAL(20)s EIAL(20)s DESALl(20)

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100) s MCROS(8))»

ESCAT(8925) s DES(8425420)
COMMON /JUNK/ As AO(20)s API2s ATs AT1(20) s ATWT(8)s Bs BO(20),
Co CO(20)s CLMDAy CPSIs CPSI2y CROSs CRSS, DELCTS DISTiMs
DSQADy £y EOQ(20) s -EGRP(20) s ESI(8)s ESUM{20)s EPRINT(21),

EXs EX1I(20)s ESPs FLUX(20520920)s FLUXE(20+20)9s FSUM(8) s
GPRINT(21)s GRAD(21)s H{2)s HELPs IEEs TEINTVs IEMAXs IEPMAX»
IETARL20)s IGINTVs IGPMAXs IH1» IH2s IHTAPLs IHEADs ILAST,
IPPMAXs IREGSCs J2NOs JINOs JMe JTAPEs JTAPELls JTAPEZ2s JAs Jlos
Ky Kle KESC2s KGRP(3920)9 KSs KTAPEs L1s 29 L3y LBJs LZ»
YATREG(50) s MHATAPE(20) s MLGHT(20)s MNOs NBls MNDs NELs NGs NHT
NHISTs NOINMT, NNs NRLI(20)s NRZ2s NRECs NRD(5)s NLIBs NSGs PID

COMVON  PPRINT(5)s PRAD(5)s Qs IQIDs 5S¢ SUMSs TM(84100)s W1l(20)
X1(20)s X29 XD1(5)s XDs YL(20)s Y25 YDs YD1(5)s Z]1(20)s 22>
222721y ZZ2Z2s 72Ds ZD1(5)s DN(8BsR)s ISRCTPs ISRCRCs NMATS
ETMy ILOCy BEG(20) s BEGGER(20420) s MKREC(2)s NTAPs AW(20)y
EMAX(20)s INLIBR({11)s INSUPR{20)s INELEM(8)
/GEOM1/ IBT( 75)s AF( T75)s ZF( 75)s CF( 75)s XF( 75)s YF({ 75)»
IBN(5099)s MPR(50s9)s MB(50)s EPSLs NBDs NREG
JCARDC/ 1ISs IS51s ILs IL1s FLIBs NPRINT(9)s MS

CoMMON /JFLXDO/ FTDs FTOD(10C)s DOSE(5320+20)

CALL ™MAIN 3

CALL BUTTER

CALL FPRINT

CALL EXIT

STOP

EnMD

)

0002
0003
0004

‘0005

0006
0007
0008
0009
0010
0011
0012
0013
0014
0ads
£915
CQi7
0013
GO19
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032

0033
0034
0035
0036
0037
0038
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SUBROUTINE PRINTS (IslL)
COMMON /SCTAP/ IDTs ADs BDs CDy Dy Xs Yy Zo Ws NRs EIs DESL,
ICOLs ICOLls JUSENSEs KRECs KLMAX
COMMON /WEDWIT/ IDTAL1(20)s ADAL(20)s BDALI(20)s CDAL1(20)s DALL20)>
XA1(20)s YAL(20)s ZAL(20)s WAL(20)s NRAL{2D2)s EIAL(20)s DESAL(20}
COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100)s NCROS(B)»

ESCAT(8925)y DES(8+25,20)
COMMGYN /JUNK/ As AD(20)s API2y ATs ATL(20}s ATWT(8}s Bs BO{20)>
Cs COL20)y CLMDAs CPSIs CPSI2y CROSs CRSS» DELCTY DISTMos
DSQDy Es EO(20)s EGRP(20)s ESI(8)s ESUM(Z0)s EPRINT(Z21)

EXs EX1(20)s ESPs FLUX{20520620)9 FLUXE(20s20)9 FSUM(B8) >
GPRIMNT(21)s GRAD(21)ys H{2)s HELPs IEEs IEIMTVs IEMAXs IEPHAXS
IETAB(20)s IGINTVe IGPMAXse IHls Iti2e IHTAPLSs IHEADs ILASTS
IPPIAXy IREGSCs J2NOs JINOs Jts JTAPEs JTAPELls JTAPE2y JAs JIl»
Ks ¥ls KESCZ2s KGRP(3+20)s <Ss KTAPEs L1ls L2s L3s LBJs LZos
MATREG(500) s MHTAPE(20)s MIGHT(20)s MNOs NBls NMDs NELs NGs NHTs
N-4ISTs NOIMTs My NRL{20)Ys NRZs NRECs NRD{5)s NLIBs NSGs PID
COMMON  PPRINT(5)s PRAD(5)s Qs IQIDs Sy SUMSs TM{8.10U)s wWl(20) s
X1(20)s X29 XD1(B5)s XDs YL(20)s Y24 YDs YDIUD)s Z21(20)s 22>
22221 2272729 719 ID1(5) s DN(Bs3)y I[SRCTPs» ISRCRCs NMATS
FTMy ILOCs BEG(20) s HEGGER({20s20)s MKRFC(2)s NTAPy AW(20) s
EMAX(20)s INLIBR{11)s INSUPR(20)s INELFM(8)
JGEOML/ IRT( 79)s AFL 7%)y ZF( 75)s CFL T5)s XF( 75)s YF( 75)>
IHR(5799) s MER(5009)s WII50) s EPSLe NBDs NREG
JCARDC/ 1Sy 151s ILs IL1ls FLIBs MPRINT(9)s 5
CALL DUP

RETURHM

EMD

0002
Ouu3
0004
000u5
0006
0007
QU8
QU9
Q010
00ll

- 0012

0013
0014
U015

0016

0917
ouls
0019
0020
o211
0022
0023
0024
uG2s
0026
027
0028
ou29



C MAIN

C

39

40
50
60
70

80

85
1049

1

1

1

CO~NOWM PN

NN PN

1

1
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SUBROUTINE MAIN 3 '
PROGRAM IN ANALYSIS CODE A0l

COMMON /SCTAP/ IDTs ADs BDs CDs Ds Xs Yo Zs We NRs EI» DESL>
ICOLs ICOL1s JUSENSEs KRECs KLMAX

COMMON /WEDWIT/ IDTAl1(20)s ADA1(20)s BDA1(20)y CDA1(20)s DAL(20)»
XA1(20)s YAL(20)y ZA1(20)s WAL(20)s NRAL(20)s» EIAL(20)s DESAL(20)

COMMCN /CROSS/ NENEGYs ENERGY(100)s TCS(89100)s NCROS(8)»
ESCAT(8925) 9 DES(8425+20) :

COMMON /JUNK/ As A0(20)s APIZ29 AT» AT1(20)s ATWT(8)s Bs BO(20)s
Cs CO(20)s CLMDA, CPSIs CPSI2s CROSs CRSSs DELCTs DISTMy
DSQDs Es EQ(20)s EGRP(20)s- - ESI(8)s ESUM(20)s EPRINT{21)s
EXs EX1(20)s ESPs FLUX(20s20520)s FLUXE(20920)s FSUM{(8)»
GPRINT({21)s GRAD{(21)s H(2}s HELPs IEEs IEINTVs IEMAXs IEPMAX»
IETAB(20)s IGINTVs IGPMAXs IH1ls IH2» IHTAPEs IHEADs ILAST
IPPMAXy IREGSCs J2NOs JINOs IMs JTAPEs JTAPELls JTAPEZ2s JAs» JI»

Ks Kls KESC2s KGRP{3920)y KSs KTAPE» L1ls L2» L3y LBJs LZs
MATREG(50) s MHTAPE(20)s MIGHT(20)s MNOs NBls NDs NEL» NGs NHT»
NHISTs NOINTs NNs NMR1(20)s NRZ2s NRECs NRD(5)s NLIBs NSGs PID

COMMON  PPRINT(5)s PRAD(5)s Qs IQIDs S» SUMSs TM(85100)s W1{20),
X1(20) s X29 XD1(5)s XDs Y1(20)s Y25 YDy YDL{(5)s Z1(20}s Z2»
22221y 2227225 2ZDs ZD1(5)y DN{(85s8)9s ISRCTPs ISRCRCy» NMAT»

ETYs 1LOCy BEG(20)s BEGGER(20520)s MKREC(2)s NTAPy AW{(20) s
EMAX{20)s INLIBR(11)s INSUPR(20)s INELEM(8)

/GEOM1/ IBTH{ 75)s AF( 75)s ZF( 75)9 CF( 75)s XF(.75)s YF{ T75)>
IBN{5099)9 MPR{5049)s NB(50)s EPSLs NBDs NREG

/CARDC/ 1Ss. 1S1s ILs IL1s FLIBs NPRINT(9)s MS

READ (5 s30) IEPMAXs IGPMAXs IPPMAXs IREGSCs NDs NEL+w NGs NH

Ty NREGs NUBs MNLIBs NMATs PIDs NN1y IS1

FORMAT (12159 2XA4912s14)

N1l=1

READ (5 240IHIL) s H(2)s (MHTAPE(TI}s I=1s10)y NN» IS

FORMAT (1H s A6s A3y 1015y 6X 12y 14)

IF (IS1=N1) 80s 505 80

IF (IS=1S1~-N1) 709 609 70

IF (MN1=NN) 70s 1040y 70

MM o= NN + 100

1S = IS + 10000

WRITE (6+85)PIDs NNy IS

CALL EXIT

NN1= NY1+ 100

181= IS1l+ 100090

WRITE (6585)PIDs NN1sIS1

CALL EXIT

FORMAT (35HODISCREPANCY IN IeDe FIELD OF CARDs A4s 125 14)

READ ({5 s1070)NSGs IQIDs NHISTs MKREC(1)s MKREC(2)s ISRCTP

s NTAPs JSENSFEs EPSi_s NNls IS1

IF (IS1-15=N1) 80s 10509 80

050 IF (NN1=NN) 80s 10609 80
1060 IS = 1581

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
00l2
0013
0014
0015
00le
0017
0018
0019
0020
0021
0022
0023
0024
0025
Q026
coz27
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051



1270
1080

1785

1090
1120

1119

1120
1130

1131

1132
1133

1134

1135
1136
1137
1140
90
91
95
96

97

99
101
102
103
1n6
107
109
11C
112

114
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FORMAT (8I5s 1E10e45916XI2s 14)
FORMAT (B815426X12514)

IF (NHT) 90s 909 1085

DO 1140 IXZ=19NHT

READ (5 995 ) (BEGGER({IXZsIP)sIP=1y 6)s NN1s 151
1IF (IS1-1%=N1) 80s 1090s 80

IF (N1=NM) 80, 1100s 80

I15=151 )

IF (NSG= 6) 1140 1143y 1110

READ (5 $95) (BEGGERIIXZsIP)oIP= 7912) s MN1ls IS1
IF (151-15=N1) 80y 1120s 80

IF (NMI=NK) 80y 1130y 80

IS = I51 v

IF (NSG=12) 1140, 1140 1131

READ (5 995) (BEGGER(IXZsIP) s IP=134518) 9yNN1sIS1
IF (IS1-1S-N1) 80y 1132 80

IF (MMI=NN) 80y 11335 80

15=1S1

IF (NSG=-18) 1140y 1140s 1134

READ (5 s1137)BEGGER(IXZ919)y BEGGER(IXZ520) sNN1sIS1
IF (IS1-15~N1) 80y 11355 80

IF (NN1=-NN) 80y 1136, 80

[5=181

FORMAT (2E1040946XI2s14)

CONTINUE

READ (5 291)(IETAB(I)s I=1912)4s NN1s ISl

FORMAT (1215 6XI2914)
FORMAT (6E10e0s6X12914)
FORMAT (4E10De%4y 26X12914)
CALL SLITE (0}

IF (IS1=1S5=N1) 80y 97 80

IF (NN1-NN) 80s 99s 80

15=151

I1F (NSG=12) 1069 106y 101

READ (5 s1080)(IETAB(I)s 1=13420)s NN1ls IS1
IF (IS1=1S-N1) 80s 102, 80

IF (MN1=NN) 8U»s 103, 80

Is=151

READ (5 s107)(PPRINT{I)s I= 1s 5)s NNs IS
FORMAT (5E10e0s 16X 12s14)

IF ([S=~IS1=N1) 70y 109, 70

IF [hiN=HNN1) 70s 110s 70

CALL ANGRED (IEPMAXsISsIS1sNNsNN1ls EPRINT(1))
CALL SLITET{1sKOJ0FX)
GO TO(BO0s112)sKOOJFX
CALL ANGRED (IGPMAXsISsIS1sNNsNNL1s GPRINT(1))
CALL SLITET(14KOOOFX)
GO TO(805114)sKOQ0OFX
DC 120 IDT = 1s WD
READ (5 3122 INRD(IDT) s XDL(IDTYs YDL(IDT)»s ZD1(IDT)» - NN1s

0052
UG53
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
U064
0065
0066
0067
0068
0069
00790
0071
0072
0073
0074
VOT5
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
Q090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101



116
118
120

3
Yy

124
126
128

130

140

142
144

146
150
160

162
170
164

175
180

182
185

31

1151

IF (IS1=~1S=N1) 80s 1165 80
IF (NN1=NN) 80s 118, 80
15=151

CONTINUE

FORYAT (I110s 3F1040s 26X 12y 14)
12ID= IQIN+10000

1COL=0

KREC =0

DO 124 I=1y IPPHAX

PRAD(I) = PPRINT(I} * 40174533
DO 126 I=1y IGPMAX

GRAD(I) = GPRINT(I) ¥ .0174533
DO 128 I = 1y NHT

MIGHT(I)Y = MHTAPE(])

JZ2=NSG/4

K1=MHSG=4%JZ

K2=0

K3=0

K4=)

K5=(

IF(JZ) 160y 1609 140

DO 150 I=14J2

K2 = ¥5+1

K3 = K2+1

K& = K3+1

K5 = K&4+1

READ (5 996) (EGRP{M) sEMAX (M) » M=K29K3)sNNsIS
JACK=4

IF (NMN=MN1) 70s 1424 70

IF (IS=1S1=-N1) 709 144, 70

READ (5 296 ) (EGRP(M) s EMAX (M) » M=K&9K5) sNN191IS1
JACK=5

IF (AN=NN1) 80y 146, 80

IF (IS1=-15=N1) 80s 150y 80

CONTINUE .

KZ2=K5+1

IF(K1) 1959 1959 162

GO TO (170s 180 18031 K1

READ (5 3164 )EGRP(K2) 9sEMAX(K2) » NNsIS
FORMAT (2E10e4s 46X 12914)

JACK= 6

IF (NN=NN1) 70y 1754 70

IF (IS~1S1-N1) 70s 1954 7O

READ (5 s96 1EGRP (K2) s EMAX(K2) sEGRP(K24+1) yEMAX{K2+1) sNNs 1S
JACK=T

IF (NN=NN1) 70s 182y 70

IF (IS=IS1=N1) 7049 1854 70

IF (K1=2) 1955 195 190

0102
0103
0104
0105
0lue
V107
0108
0109
0110
0111l
0112
01i3
0ll4
0115
vlleé
0117
01ls
0119
0L20
0121
0l22
0123
0124
0125
U126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0l38
0139
0140
0141
0142
0143
Ol44
0145
0146
0147
0l4s8
0149
0150
0151



190

192
195
197
200

205
210
212
215

220
225
230

235
240

245

250
255
260

265
270
275

280
295
300

305

32

READ (5 3164 )1EGRP(K2+2) sEMAX(K2+2) s
JACK=8 _

IF (NN=NN1) 80s 192, 80

IF (1S1=1S=N1) 80s 195, 80

IF (IS1=-1%) 197s 197s 200
1s1=15

READ (5 »95) (ESI(I)s I=136)s NNs IS
JACK=9 ,

IF (NN=NN1) 70s 205, 70

IF (1S=151=N1) 70y 210, 70

1IF (NEL=-6) 2309 230s 215
FORMAT (2E10e4s 46X 12s14)

READ (5 $212)ES1(T)» ESI(8)s NNly IS1
JACK=10

IF (NN=NN1) 80s 220, 80

IF (IS1=15=N1) 80s 225» 80
Is=151 ,

READ (5 995 ) (ATWT(I)9I=1s6)s NNls IS
JACK=11

IF {NN=NN1) 80y 235, 80

IF (IS1=15=N1) 80y 240, 80

IF (NEL=6) 260s 260 245
READ (5 $212)ATWT(T7) sATWT(B)sNN o IS
JACK=12

IF (NN=NN1) 70y 250 70

IF (I1S=1S1=N1) 705 255, 70
1s1=1s

DO 300 I=1sNMAT

READ (5 995){DN(IsJ)sJ=1s6)sNN s IS
JACK=13

IF (NN=NN1) 709 2655 70

IF (IS=IS1=N1) 705 270s 70

IF (NEL=6) 295y 295s 275
READ (5 $212)DN(Is7) sDN(Is8)sNN1y IS1
JACK=14

IF (NN=NN1) 80s 280y 80

IF (1S1-1S=N1) 80s 3005 80
1s1=1S

CONTINUE

I1=NREG/12

K1=0

K2=0

K3=0

K&4=0

IF(I1) 3509 350 305

DO 329 1I=1,11

Kl=K4+1

K2=K1+5

K3=K2+1

K4=K3+5

"NNsIS1

0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187

0188

0189
0190
0191
0192
0193
0194
0195
0196
0197
0l9s8
0199
0200
0201



310

315
320

325
329
330
331
332
333

334
350

352

362
363
370
380

381
382

390
392
400
402

410

415

420

33

READ (5 s310)(NB(J)s J=Kls K2)9 NNs IS
FORMAT (6110 6X 12+14)

JACK=15

IF (NN=NN1) 70s 315, 70

IF (IS=1S1=N1) 709 320, 70

READ (5 $310)(NBlJ)s J=K3s K&)s NN1sISL
JACK=16

IF (NN=NN1) 80s 325, 80

IF (IS1=1S=N1) 80s 3294 80
CONTINUE

GO TO 350

IF (IS1-1S=N1) 80s 331y 80

IF (NN=NN1) 80y 332 80

GO TO (42054159434 94409446945294589464947094769500)9 1LOC
IF (IS=1S1-N1) 709 3344 70

IF (NN-=NN1) 70s 332y 70

Kl=K&4+1

I1=NREG=12%]1

IF (I1) 4209 4209 352

GO TO(3609370+3809390s4009410941094109410+94109410) 911
READ (5 $362)INB(K1)s NNy IS

FORMAT (I10s 56X 12914}

JACK=17

1L0C=1

GO TO 333

READ (5 9381 )INB(K1) sNB{K1+1)s NNs IS
GO TO 363

K2=K1l+2

READ (5 $382) (NB(J)s J=K1sK2)s NNy IS
FORMAT (2110 46X 12s14)

FORMAT (3110, 36X [12+14)

GO TO 363

K2=K1l+3

READ (5 9392)(NBLJYs J=K1sK2)s NNs IS
FORMAT (4110, 26X 12914)

GO TO 363

K2=K1l+4 .

READ (5 2402)(NB(J) s J=K1lsK2)s NNs IS
FORMAT (5110, 16X 12s14)

GO TO 363

K2=K1l+5

READ (5 $310)(NB(J)sJ=K1lsK2)s NNy IS
JACK=18

I1LOC=2

Gn TO 333

K1=K2+1

I1sl=1S

I1=11=6

IF(ID) 4209 4209 352

IF (15=151) 4259 4309 430

0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251



425
430

434
436

440
442

446
448

452
454

458
460

464
466

470
472

476
478
479

500
505
510

1s=151
READ (5
JACK=19 -
1L0C=3

GO TO 330
IF{NREG=6)
READ (5
ILOC=4

GO TO 333
IF (NREG=12)
READ (5
1LOC=5

GO TO 330
IF(NREG-18)
READ (5
1LOC=6

GO TO 333
IF (NREG=24)
READ (5
ILoC=7.

‘GO TO 330

IF(NREG=30)
READ (5
ILOC=8

GO TO 333
1F(NREG=36)
READ (5
IL0C=9

GO TO 330
IF(NREG=42)
READ (5
ILOC=10

GO TO 333
IF(NREG=48)

‘READ (5
FORMAT (2110,

1LOC=11

GO TO 330
IfF (I5=-1S81}
Is=1S1
IH1

RETURN
END

34

$310) (MATREG(I)sI= 196)» NNI

500s 500 436

5310) (MATREG(I)sI= T7912)s NN

500s 500 442
$310) (MATREG(I)sI=13918) sNN1

500s 5009 448
9310) (MATREG(I)sI=19524)s NN

5009 5009 454
3310 ) (MATREG(1I)sI=25930) sNN1

5005 5005 460
$310) (MATREG(I)s1=31536)s NN

5009 5009 466
9310) (MATREG(I) »I=37,42) sNNi1

5009 5009 472
$310) (MATREG(I)»I=43548)9 NN

5009 5009 478

9479 )MATREG(49) sMATREG(50) s NN1»

46X 12514)

505s 505s 510

= MHTAPE (1) + 10000
IH2 = MHTAPE(NHT)+10000
CALL INDATA

Is1

IS

ISk

IS

Isl

1s

181

Is

IS8l

0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
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C SUBROUTINE INDATA IN AMALYSIS CODE AOls

N

) o»

p—
D

[N

o = s e
00N

20
P

1

1

O~ OIS W

W T ke

NON N

SUBROUTINE INDATA
COMMON /SCTAP/ TIDTs ADs BDs CDs Ds Xs Ys Zs Ws NRs EIs DESLS
ICOLs ICOL1ls JUSENSEs KREC» KLMAX

COMMON /WEDWIT/ IDTAL(201s ADAL{201s BDAL(20)s CDAL(20)s DAL1(20)s .
1 XAl(20)s YAL{20)s ZAl(20)s WAL(20)» NRAL(20)s EIA1(207s DESA1(20)

COMMON /CROSS/ NENEGYs ENERGY (1007, TCS(85100)s NCROS(8))

ESCAT(8925)» DES(8925520).
COMMON /JUNKY/ As AD(20)s APIZs ATy AT1(20)s ATWT(B)s Bs BO(20),
Cs CO(20)s CLMDAs CPSIy CPSI2s CROSs CRSSs DELCTS DISTM»
DSA0y By EO(20)s EGRP(20} EST(8)sy ESUM(20)s EPRINT(21)

EXs EX1(20)s ESPs FLUX{20+20520})y FLUXE(20520)s FSUM{8)
GPRINT(21)s GRAD(21)s H{2)s HELPs IEE, IEINTVs IEMAXs IEPMAXS
IETAB(20)s IGINTVs IGPMAXs IH1s IH2s IHTAPEs IHEADs ILASTs
IPPMAXs IREGSCs J2NOs JINOs JUMs JTAPEs JTAPEL, JUTAPE2s JAs Jl»
Ks Kls KESCZ2s KGRP(35201s K5, KTAPEs L1ls L2» L3s LBJy LZs
MATREG(501 s MHTAPE(20)s MIGHT{20}s MNOs NBls NDs NELs NGs NHT»
NHISTs NOINTs MNs MNR1(2C)s NRZ2s NRECs MRD(5)s NLIBs NSGs PID
COVHMOM  PPRINT(5)s PRAD(5)s Qs IQIDs Ss SUMSs TM(8,»100)s W1(20)»
X1420)s X2s XDL(5)s XDs Y1(20)s Y24 YDs YDL(5)s Z1(20)s Z2»
2272219 22222 ZDs ZD1{5)ys DN(8s8)5s ISRCTPy ISRCRCs NMAT»
ET%s ILOCs BEG(20)s BEGGER(20s20)s MKREC(2)s NTAPs AW(20)»
EMAX{20)y IRLIBR(11) s INSUPR{20)s INELEM{8)
JGEOMLYZ IBT( 75)s AF( 75Ys ZF{ 75)s CF( T75)s XF( 75)s YF{ 75)»
IBN(50s9)s MPR(50Cs9)s NB(50)s EPSL, NRBDs NREG
/CARDC/ 1Sy IS1s ILs ILls FLIBs NPRINT(9)» ™S
CoUMON /FILXDO/ FTDs FTOD(100)s DOSE(5+20920)
LI1IRFEC = 0

Dn o5 U
ITNSUPRA
3008 L=1.8

IMFLE(L)Y=0

IF {ISRCTP) 1Z2s 12s 10
I I82¢(58)=1

SLIRCENLINCH]

IF (™MTAP) G1ls 14 41
DN 40 V=1 4M5G6G
TULIBRIG)=INMLIBRIA)+NEL
ISUPR{MY =T 1SUPR( ) +MEL

S0 20 L=leMEL
INFLEM L) =TRELEM(L)+1
MLTRE="ILIBC+NEL

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027

0028
0029
QU30
0031
0032
0033
3034
0035
0036
0037
cu3ds
0039
0040
0u&41l
Q42
0043
0044
0045
0046
0047
0048
Q049



32

36
37

38
40
41

42
44

46 FORMAT (89HOTHE FOLLOWING LIST OF LIBRARY PARAMETER wILL HELP DETE

110
120
130

140
150

160

170

180

200
210
220

230
240

250

260

270

36

IF (NRG=-1) 329 404 40
DO 38 L=1sNEL

IF (ESI(L)=EMAX(M)) 369 38, 38
IF (ATWT(L) =145} 38s 38y 37

INLIBR(10)=INLIBR(10)+1
INSUPR(M)= INSUPR (M)+1
INELEM(L)= INELEM (L)+1
NLIBC=NLIBC+1

CONTINUE

CONTINUE

IF (NLIBC~NLIB} 4251804942
WRITE (6944)NLIBCy NLIB

FORMAT ( 11HOTHERE ARE s I5s 36H LIBRARIES REQUIRED IN THIS PROBLE

IMe/71H » I5s 38H LIBRARIES WERE SUPPLIED IN THE INPUT« )

WRITE (6946)

IRMINE WHICH LIBRARIES ARE MISSING
GO TO 581

FORMAT (2110+415s 22X AGs 12y 14)
FORMAT (14HOLIBRARY DECK A4y 12»

IL = IL + 100

WRITE (6s120)FLIBy IL

CALL EXIT

iL=IL + 100

1S=1S + 10000

FORMAT (35HODISCREPANCY IN I.De FIELD OF CARD

WRITE (69160)FLIBy ILs IS
GO TO 140

IL = IL1

Is = sl

GO TO 150

L11IREC = O

L4REC = 1 + NSG

REWIND 9

CALL SLITE (0}

READ (5 s110)LIBTy I Js Ko
IF (IS=MS) 150s 210y
IF (LIBTY 130s 1309
IF (LIBT=11) 230s 230»

GO TO (240+280936093609301931093609360+36094609360) sLIBT

NBD=1

CALL tIB1
INLIBR{LIBT)Y=INLIBR(LIBT}=1
NLIB=NLIB=1

CALL SLITET(1,K000FX)

GO TO(1509260) sKOOOFX
CALL SLITET(2sK0O00FX)

GO TO(1709270) sKOOOFX

IF (NLIB) 5659 5659

. )

13H IS IN ERRORs)

N¢ Nls FLIBY
150
220
130

200

v Ab,

ILsIS

12,

14)

0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
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28C CALL LIBZ2
INLIBR(LIBT)=INLIBR(LIBT)=1
GO TO 250

301 ISRCRC = J
DO 306 L=1sJ

READ (5 9302)XT(LY o YI(L) 9Z1 (L) »A0(L) sBO(L) 5. COLL) >
1rs1
302 FORMAT(6E1Ce4s 6X 12514)
IF (ILi=-IL) 130s 303s 130
303 IF (151=1S-"5) * 170s 3049 170
304 READ (5 230T7)EQ(L) s AN(LY sWL1 (L) sNRI(L)Y »EXI(L)»IL IS
IF (iLl-1L) 130y 305 130

15 IF {18=151=MS) 150y 306 150

06 CONTINUE

7 FORMAT (3E10e¢4s I10s ElCe4s 16X I2s I4)
NLIB=RLIB=1

INLIBRILIBT)=INLIBR(LIBT)-1
S0 TO 279
LIBRARY TYPE 6

310 DO 350 L=1sl

READ(59321) ENERGY(L)s TM{JsbL)s FTOD(L)sIL1l» ISl
321 FORMAT ( 2E10e4s 20X E1De4s 16X 12514}
320 FORMATIZ2ELQe4 946X 12914}

IF (ILl=IL) 130y 330s 130
330 IF {(1S1=15=45) 170 340s 170
340 15=181
350 COMTINUE
iRITE (9 JLIBTs Is Js Ks Ns N1
L1IREC = LIIREC + 1
HRITE 9 ) (ENERGY(L)sTM{JsL)sl=1s1)

355 IHNLIBR(LIBT)I=INLIBR(LIBT)=1
INSUPR(K)=TNSUPR(K)=-1
IRNELEM{J)Y=INELEM{J) =1
357 L1IREC = L11IREC + 1
NLIS=ENLIB-1
G0 TO 270
LIBRARY TYPES 39 49 Ts 89 9 AxD 11 ARE NOT USED IN THIS CODE
360 NRITE (69370)LIBT
37C FORMAT . (13ADLIBRARY TYPEI39224 wAS INPUT BY HMISTAKES)
CALL EXIT
LISRARY TYPE 10
463 CALL CREADZ (JsMNeESCATs2525)
CALL LBSEP (JsNelsDESs3925515)
SRITE 9 ) LIBTy ITedsKeNeNl
L1IRFEC = L11IREC + 1

IL1y

ARITE 9 ) (ESCAT(JsNE) sNE=1oN) s ((DES(JsKEsIN) sXKE=1sl) s IN=151)

GO TO 355

0lo00
0101
0102
0103
0104
0105
0106
0107
0108

0109

0110
0111
0112
Cc1l13
0114
0115

0116
0117
C1l18

0119

0121
0122
0123
0124
0125
0126
0127
V128
0129
0130
0131
0132
0133
0l34
0135
0136
w137
Uul38
0139
0140
vl4l
Qlaz
0143
Olas
0145
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565 DO 567 L=1s11

IFCINLIBR(L)) 5759 5675 575
567 CONTINUE

DO 569 L=1sNSG

IF(INSUPR(LY)) 575 5699 575
569 CONTINUE

DO 571 L=1sNEL

IF(INELEM(L)) 5759 571s 575
571 CONTINUE

GO TO 600

575 WRITE (65580)

580 FORMAT (49HOTHE TOTAL NUMBER OF INPUT LIBRARIES WAS CORRECT./

1 65H HOWEVERs THE NUMBER OF ELEMENTS AND/OR SUPERGROUPS IS INCORRE

2CTa)
581 WRITE (63582)
582 FORMAT(40H1 L  INSUPR(L)  INLIBR(L)  INELEM(L))
584 FORMAT(1H »1351852112)
DO 586 L=18
586 WRITE (69584)Ls INSUPR(L) s INLIBRIL) s INELEM(L)
DO 588 L=9s11
588 WRITE (69584)Ls INSUPR(L) s INLIBR(L)
DO 590 L=12420
590 WRITE (6+584)L» INSUPR(L)
CALL EXIT
600 REWIND 3
IF (NTAP) 855, 602 855
602 DO 800 M=1sNSG
WRITE ALL CROSS SECTIONS ON TAPE 9

REWIND 9
L=0

610 L=L+2

620 READ ( 9 JLIBTy Is Js Ky N» N1
IF (M=K) 640y 630s 640

630 LT = LIBT=5
GO TO (66053609360s36087009360)s LT

640 READ ( 9 )
650 IF (L-L11REC} 610y T720s 720
LIBRARY TYPE 6
660 READ {9 JIENERGY(L1) s TM{JsL1)sL1=151)
NENEGY = 1
GO TO 650

LIBRARY TYPE 10
700 NCROS({(J)=N

READ (9 Y(ESCAT(JINE) sNE=1sN) 9 { (DES(JsKE9 IN) sKE=19N) s IN=1s1}

GO TO 650
CALCULATE MACROSCOPIC CROSS=SECTIONS
720 DO 760 M1l = 1ls NMAT
DO 750 M2=14NENEGY

0146
0147
0148
V149
0150
J151
0152
0153
ulb4
0155

0156

0157
0158
0159
0160
vl6l
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
018C
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
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TCS{M19:42)=0e0

DO 740 M3=1sNEL _

TCSIMLeM2)=TCS(MLaM2) + TM (M3 ,M2)%#DN(M1sM3)
7490 "CONTINUE

750 CONTINUE
760 CONTINUE
770 CALL CRSWRT
830 CONTINUE

REWIND 9 .
812 FORMAT( 34H1ICROSS SECTION TAPE LABELED CROSS I4s54H WAS GENERATED

1AND CONTAINS THE FOLLOWING INFORMATION)
WRITE {65810)1QID

815 WRITE (63s820)1L4RECINREGsNEL sNMATs NSGINRG

820 FORVATI(1H »15933H = NUMBER OF RECORDS ON THIS TAPE/I6520H-= NUMBER
1 OF REGIQNS/I6521H = NUMBER OF ELEMENTS/16522H4 = NUMBER OF MATERIA
205/716924H = NUMBER OF SUPERGROUPS/I6s40H = NEUTRONSs GAMMASy OR SE
B3CONDARY GAVMAS)

850 REWIMND 9
GO TO 1000
8595 YRITE (6s870)1I0110
R870 FORMAT(34HICROSS SECTION TAPE LASELFED CROSS [465H WAS USED IN THI
1S PRORLEM AMD COXTAINS THE FOLLOWING INFORMATIONS)
GO TO 315
1700 RETURN
ZND

0194
0195
0196
0197

0198
0199
0200
0201

0202
0203

0204
0205
0206
0207
0208
0209
0210

0211
0212
0213
0214
0215
0216
0217
0218



P

(8]

10

70
75
100

110
200

40

SUBROUTINE LIB1

SUBROUTIKE LI81 IN HISTORY GENERATION CODE

COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( 75)s XF( 75)»
1 YF( 75)s IBN(5059)s MPR(50+9)s NB(5C)s EPSLs NBDs NREG

2 /CARDC/ 1Ss ISls ILs LL1s FLIBs NPRINT(9), MS

I1 = NBD/2

12 = NBD=2%]1
K1 =0

K2 = 0

DO 50 I=1,11
Kl = K2+1

K2 = Kl+1

READ (5975) 1BTI(K1)s AF(K1l)s ZF(KL)sCF(K1)s XF(KL1ly YF(Kl)y ILL»
1151 '

IF (IL=IL1) 100s 105 100

IF (IS1-15=45) 100s 20s 100

READ (5s75) IBT(K2)ys AF(K2)s ZF(K2)sCF(K2)s XF(K2)s YF(K2)s ILsIS
IF (IL1=-IL) 110s 30s 110

IF (1S=1S1=MS) 110s 50, 110

CONTINUE

IF(12) 2005 2005 60

K1 = K2+1

READ (5575) IBTU(K1) sAF(K1)sZF (€1)sCF{K1)sXF(K1)sYF(K1)sIL1sIS1
IF (IL-ILD) 100s 705 100

IF (1S1=15=MS) 100s 2005 100

FORMAT (I10s5FE10e496X12014)
CALL SLITE (1)

GO TO 200

CALL SLITE (2)

RETURN

END

volo

0240
0250
0260
0270
0230
0290
0390
0310

0330
0340

0360
037v
0380
0390
0400

0420
0430

0450
0460
0470
0480
Q490
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]
30
40
45

120
139
1490

145
16C
200

41

SURROUTINE LIB2
SUBROUTINE LIB2 IN HISTORY GENERATION CODE

COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( 751}

1 YF(C 75)s IBM(5059)s MPR({50s%)s NB(50)s EPSLs NBD»s NREG

3 /CARDC/ 1Sy IS1s ILs IL1s FLIBs NPRINT(9)y MS

READ (5 1NV (IBN{1sJ)sMPR({1sJ)sJ=1s6)y IL1ly IS1
FORMAT (12154 6X [2s14)

IF (IL=-ILD) . 80s 20y 80

IF {1S1-15=MS) 80y 30, 80

IF{NB(1)=6) 100s 100y 40

READ (5 245V LIBN(LoJ)sMPR{19J) 9J=T99)y ILs IS
FORYMAT (6154 36X 12414) ‘

IF (IL=IL1) 70 50 70

IF (IS=151=45) 705100y 70

CALL SLITE (1)
CALL SLITE (2)
GO TO 200
» DG 160 I=3NREG
IF {IS1-1%) 110y 110 105
1s= 181 .
READ (5 s 10V (IBN(IsJ)sMPR(IsJ)sJ=196)y IL1ls IS1
IF {IL=IL1) 80s 1209 80
IF {1S1-15=MS8) 80y 130y 80
IF(NB{I)=6) 160s 160 140
READ (5 245) (IBN(I o) oMPR{I9J) s J=T49)s ILs IS
IF {(IL=1IL1) 70s 1459 70
IF (1S5=IS1=5) T0s 160 70
CONTINUE
RETURN
END

0020
0010
0030

0210
0220
0230
0240
0250
0260
V27U

0280

0290
0300
0310
0320
0330
0340
0350
036U
0370
0380
0390
0400
U410
0420
0430
0440
0450
0460



" 42

C SUBROUTINE ANGRED IN ANALYSIS CODE AOl. 0002
SUBROUTINE ANGRED (J» ISsIS1sNNsNNLsA) 0003
DIMENSION A(21) covsa
Nl =1 oo ) 0005
READ (5 »10) (A(I)sI=196)s NN1ls 1IS1 0006

10 FORMAT (6E1040s 6X 129 14) 0007

IF (IS1-15-N1) 309 20 30 ouos

20 TF (MMN1-=NN) 30s 409 30 0009

30 CALL SLITE (1) 0010

GO TO 1590 ’ 0011

40 IS = IS1 QU112

IF (J=0) 1504250 50 0013

50 READ (5 9100 (A(TI)sI=Ts121s NN1sISL 00l4

IF (IS1-15=N1) 309 60 30 uu1l5

60 IF (NN1=NN) 30y 7Qs 30 J0le

70 IS8 = 1Is1 ’ ' 0017

IF (J=12) 150y 150 80 0018

80 READ (5 s10)(A(L)s1=13,18)sNileIS1 00l9

IF(IS1=15-N1} 30 90 » 30 0020

90 IF(NML=NN) 30 100s 30 ovz1l

100 Is8= Isl ‘ 0022
110 READ (5 31201 (A(T)s 1=19+21)s NMls IS1 0024
120 FORMAT (3E10640s 36X 12y 14):° Q025
IF (IS1-15—N1)} 30s 1305 30 0026

130 IF (MM1I=AN) 30s 140, 30 0027
140 I5=1S1 0028
150 RETURM 0029

END 0030



43

C SUBROQUTIMNE CRSWRT IN ANALYSIS CODt AOle 0002
SUBROUTINE CRS«RT 0003
COMMON /CROSS/ LUM(5109) 0004

C 0005
WRITE ( 3 JIDUM(N) s N= 1, 5109) 0006
RETURN 0007

EMD 00U8
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SUBROUTINE BUTTER

C ROUTINE BUTTER IN ANALYSIS CODE AOl,

10

15

16

1
1
1

COMMON /SCTAP/ IDT» ADs BDs CDs Ds Xs Ys Z» We NRs EIs DESLs

ICOLy ICOLLls JUSENSEs KREC» KLMAX

COMMON /WEDWIT/ IDTAL{20)s ADAL(20) BDAL1(20)s CDAL(20)s DAL(20)s
XA1(20)s YA1(20)y ZAl(20)s WAL1(20)s NRAL(20)s EIA1(20)s DESAL(20)

COMMON " /CROSS/ NENEGYs ENERGY{100)s TCS(85100)s NCROS(A)»
ESCAT(8425)s DES(89254+20)

COMMON /JUNK/ As A0(20)s APIZ2s AT» 'AT1(20)s ATWT(8)s Bs BO(20)>

Vo~ U WN -

N oYW N

Cs CO(20)s ClLMDAs CPSIs CPSI2s CROSs CRSSy DELCTs ; DISTMs
DSQDs Es EO(20)s EGRP(20)s ESI(8)s ESUM{20)s EPRINT(21}s
EXs EX1(20)9 ESPs FLUX(20520520)s FLUXE(20920)s FSUM(8)»
GPRINT(21)s GRAD(21)s H(2)s HELPs IEE»s IEINTVs IEMAXs IEPMAXs
IETAB(20)s IGINTVs IGPMAXs IHls IH2s IHTAPEs IHEADs ILAST»
IPPMAXs IREGSCs J2NOs JINOs» JUMs JTAPEs JTAPELls JTAPE2s JA» Jl»
Ks Kls KESC2s KGRP(3920)s KSs KTAPEs Lls L2y L3s LBJy LZ»
MATREG(50)s MHTAPE(20)s MIGHT(20)}» MNOs NBls NDs NELs NGs NHT»
NHISTs NOINTs NNy NR1(20}s NR2s NREC) NRD(51s NLIBs NSGs PID
COMMON PPRINT(5)s PRAD(5)s Qs IQIDs S» SUMSs TM(8+100)s W1(20}9
X1{20)s X2y XD1(5)s XDs Y1(20)s Y2s YDy YDL(5)s £1(20)s Z2s -
22221y ZZ2Z12s IDs ZD1(5)s DNI(B8s8)s ISRCTPs ISRCRCs NMAT»
ETMs ILOCs BEG(20)s BEGGER{20+20)s MKREC(2}s NTAPs AW(20)s
EMAX(20)s INLIBR(11)s INSUPR(20)s INELEMIS8) . .
/GEOM1/- IBT( 75)y AF( 75)s ZF( 75)s CF( 75)s XF{ 75}s YF( 75)9
IBN(50+9)s MPR(505,9)s NB(50)s EPSL.s NBDs NREG:
/CARDC/ 1Ss 1ISls ILs ILls FLIBs NPRINT(9), MS

COMMON /FLXDO/ FTDs FTOD(100)s DOSE(5920s20)

COMMON/FLU/ANHIST

ANHIST = NHIST

DO 7 "I = 145

po 7 J = 1420

bo 7 K = 1520

DOSE{(1sJsK) = 060

DO 8 I.= 1y 20

DO 8 J = 19 20

DO 8 K = 1y 20

FLUX{ Is J» K ) = 040

LPT1 = 1

LPT2 = 11

IRED=0

REWIND 3

IF (ISRCTP) 30s 30s 10
CALL CRSRED

Ml =1

bo 20 KLP=1s ISRCRC

IF  (EO(KLP) = EGRP(M1)) 155 155 19

ML = M1 + 1

CALL CRSRED

IF (ICOoL) 185 18y 16

WRITE (LPT1){IDTAL(I)sADAL(I) +BDAL(I)+CDAL(IISsDAL(I)»XAL(I)» YAL!

0002
0003
0004
0005

-0006

0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027

0028
0029
0030
Q031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044



18

19
20
21
22

30

40

50

60
70
80

90.

100

110

120
130

140
150

45

1I)s ZALC(I)s WAL(I)s NRAL(IDSEIAL(I)HDESAL(TI)s T=1» ICOL )
KREC = KREC +1
REWIND LPT1
ICOoLl=ICOL -
IcoL=0
KLMAX=KREC
KREC=0
CALL WEED (M1oLPT1sLPT2Y
IF(IRED) 19s 19 21
CALL CHEEZE (KLPsM1sLPTI1)
CONTINUE
IF(M1=NSG) 22s 1000y 1000
IRED=1
GO TO 15
===~==READ FIRST RECORD OF FIRST HISTORY TAPE.,
K1=0
IX = 10
REWIND IX
READ (IX)NRECs NHISTs NGs IHTAPEs ILAST
~wmw=VVERIFY TAPE PUT ON UNIT IXe
DO 50 I=1y NHT
IF {IHTAPE=MIGHTI(I1})) 50s 40s 50
Kl=1
MIGHT({I)=0
1I=1
GO TO 60
11=1
~w===ERROR IF WRONG TAPE PUT ON TAPE UNIT.
IF (K1) . 80s 80y 70
IF (IHTAPE=-MHTAPE(II)) 80y 100s 80
WRITE (6s90)H{(1)s H(2)s IHTAPEs H{l)s H(2)s MHTAPE(II)
FORMAT (14HOTAPE: LABELED » A69A3s14536H WAS LOADED INSTEAD OF TAPE
1 LABELED »sA69A3914919Hs PROBLEM STOPPED. )
CALL EXIT
mwm==RESET BEG AND KGRP.
DO 110 M1l=1s 20
BEG{(M1) = BEGGER(IIsM1)
DO 110 M2=1s 3

KGRP{M2eM1) = O
----- DETERMINE NO¢OF RECORDS(NH1) AND NOe OF LeRECsCOLs(NHP),
BSUM = (e0
NHP = 0
MHL1 = 7999
IF(II=NHT) 130s 120s 120
NH1 = MKREC(1l) = 1
CALL RECORD (NSGs NH1ls BEG(1l)s KGRP(1s1))
IF(]I=NHT) 160s 140 140
IF (MKREC(2)=20) 150s 1605 160
NH1 = NH1 = 1
NHP = MKRECt2)

0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094



160

170
180
190

216
217

Mo
[ mad
w

238

252
279
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~====PYT CORRECT SET OF CROSS~SECTIONS INTO CORE FROM TAPE.
REWIND 3
DO 18D ML = 19 NSG
IF (BEG(M1) «=046) 170 170 190
READ ( 3 }
CONTIMUE
CALL CRSRED _
————— NH1 FULL RECORDS OF COLLISION DATA WILL BE CONSIDERED
IF (MH1) 310s 310» 200
120 = 290
REWINDG LPT1
DO 300 IKE = 1ls NH1
READ (IX)(XOLsYOLSZOLs AO(L)s BO(LYs CO(LYs EO(L)» WOLy X1l{L)s Y1

1(Lys Z1(L)os WI{L)s NRI(L)y AW(L)oEX1{L)})ys NRO
2Le L= 15120)

D0 300 KLP = 19 120

BSU# = HSUYM + 140

I (W1(KLP)=0,)) 3009 300 209
MET = NR1I(KLP)

“E2 = NREG

“E3 = 0

20 213 U = MEl#MEZ

If (4 = 2) 2129 2134 212

CALL SEARCH {(JsXL(KLP)sYL(KLP) sZ1(KLP) sNRL(KLP) sMSRCHIKESCZ)
I'F (SRCH) 2139 213y 218

CONTINUE
IF (ME3) 2143 214, 216
MEL = 1
ME2 = NRL(KLP)
ME3 = 1
50 To 211

HRITE (69217)X1L(KLP) s Y1(KLP) sZ1(KLP)
FORMAT (S57HOCANNOT FIND IMSIDE REGION FOR PARTICLE wITH COORDINATE

15 s 1P3El2.4)

60 TO 300
MRI(KLPY = J

IF (RSUM - BEG(M1)) 290s 290s 215
CALL CRSRED
N Mo+ ]
BSUY = CeN
—————— RITE LAST RECORD OF LATENT PARTICLE TAPE 1.
IF (ICOL) 250 2509 230

VRITE (LPTIYOIDTALCI) »ADAL(I) oBDAL(I) »CDALLT) sDAL(II»XAL(I)s YALL

1T)e ZA1(I)s wAI(I)s NRAI(I)SETAL(1)sDESAL(I)s 1=1»s ICOL )

vLUEC = KREC +1
REWLAD LPTL
IF (KREC) 2905 2905 270

1CoLl = ICOL
i¢e =9
KLMAX = KREC

Q095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
01lo0
0111

Oll3
ull4
Ol1l5
0116
0117
0118
0119
0120
0121
olz2z
Ulz3
Ulz24
012%
0126
0127
0128
U129
0130
U131
Ul3z2
Uls3
0134
ulss
0136
ul37
U133
0139
0140
0141
0142
0143



350
360

361
362

370

1000

47

KREC =0
CALL WEED (M1sLPT1sLPT2) o
1F(IRED) 290s 290s 361
CALL CHEEZE (XKLPsMLlsLPT1)
CONTINUE
——m=—=READ PARTIAL RECORD.
IF( NHP ) 330y 330y 320
120 = NHP
MHP = 0O
NHI = 1 ,
GO TO 210

CALL SLITE ( 0

DO 350 I = 14 NHT

IF( MIGHT(I)) 3505 3505 340
CALL SLITE ( 1 )

FI = MIGHTI(I)

MIGHT(I) = 0

GO TO 360

CONTINUE

CALL SLITET(1sK000FX )

GO TO (370s 1000) sKO0NOFX

IF(M1=NSG ) 3625 10005 1000
IRED = 1

GO TO 215

IX = 4

REWIND IX

READ( IX ) NRECs NHISTs NGs IHTAPEs ILAST
G0 TO 70

RETURN

END

0l44
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157

0158

0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173



(@)
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SUBROUTINE RECORD IN CODES AOl AND A02s WHICH CALCULATIONS KGRG(IsJ) 0002
SUBROUTINE RECORD (NSGs LATJls BEGs KGRG) 0003
DIMENSION BEG(20)s KGRG(3520) 0004

, 0005

I=1 == NUMBER OF COLLISIONS FOR SUPERGROUP J ON FIRST RECORD 0006
I=2 == NUMBER OF FULL RECORDS FOR SUPERGROUP J 0007
I=3 -= NUMBER OF COLLISIONS FOR SUPERGROUP J ON LAST RECORD 0008
0009

BJ = 0e0 . 0010
DO- 100  J=1s NSG 0011

IF  (BEG(J)=e6) 1005 100s 10 0012

10 IF  (BJ = BEG(J)) 30y 20y 20 0013
20 KGRG(1sJ) = BEG(J) 0014
KGRG(2sJ) = O 0015
KGRG(3sJ) = O 0016

F1 = KGRG(1sJ) 0017

BJ = BJ = F1 0018

GO TO 100 0019

30 KGRG(lsJ) = BJ 0020
KGRG(2sJ) = (BEG(J)=BJ) /2040 0021

Fl = KGRG(2sJ) 0022
KGRG(3sJ) = BEG(J) = BJ = 2040%F1 0023

BJ = 20 = KGRG(3sJ) 0024

IF (BJ = 20.0) 100s 40 40 0025

40 BJ = 040 0026

100 CONTINUE 0027
KSUM = 0 0028
KI =0 0029
DO 200 J=1ls NSG ~ 0030
IF (BEG(J)=46) 200y 200s 110 0031

110 KSUM = KSUM + KGRG(2sJ) 0032
IF (KGRG(3sJ)) 2005 200s 120 0033

120 KSUM = KSUM + 1 0034

200 CONTINUE 0035
IF (LATJ1 = KSUM) 210y 300» 210 0036

210 JHTAPE = JHTAPE + 10000 0037
WRITE(6+220) JHTAPE ' 0038

220 FORMAT (85HOTHERE IS AN INCONSISTENCY BETWEEN THE NUMBER OF RECORD 0039
1S ON TAPE TO BE LABELED SORTED,I4 /41H AND THE NUMBER OF ENTRIES 0040

2PER SUPERGROUP) 0041
CALL EXIT 0042
300 RETURN 0043

END 0044
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C SUBROUTINE AlA2 IN ANALYSIS CODE AOls

465
470

510

512
514

1

1

1

Lo N0 wN

NNV PN

SUBROUTINE A1A2 (KSUPGsKDTT)

CoMMON /SCTAP/ IDTs ADs BDs CDs Ds X9 Ys Zs Ws NRs EIs DESLS

ICOLs ICOLls JSENSEs KRECs KLMAX

COoMMON /WEDWIT/ IDTAL(20)s ADAL{20)s BDAL1(20)s CDAL{20)s DAL(20))»

XA1(20)s YAL1(20)s ZA1{20)s WAL(20)s NRAL(20)s EIA1(20)s DESA1(20)

CoMMON /CROSS/ NEMEGYs ENERGY(100)s TCS{85100)s NCROS(8)
ESCAT(84+25)s DES(8925520)

COMMON /JUNK/ As AD(20)s APIZs ATs AT1(20)s ATWT(8)s Bs B0(20)>
Cs CN(20)s CLMDAs CPSIs CPSIZ2s CROSs CRSSs DELCTS DISTMy
DSQCy Es ED(20)s EGRP(20) ESI(8)s ESUMI20)s EPRINT(21)
EXs EX1(20)s ESPs FLUX(20s20520)y FLUXE(20520)s FSUM(8) s
GPRINT(21)s GRAD(21}s H{2)s HELPs IEEs IEINTVs IkMAXs TEPMAX,
IETAB(20)s IGINTVs IGPMAXs IHls IH2s IHTAPEs IHEADs ILASTS
IPPYAXs IREGSCs J2NOs JINOs JMs JTAPEs JTAPELls JTAPE2s JAs Jlos

Ks Kls KESC2s KGRP({3520)s KSs KTAPEs L1ls L2s L3s LBJs LZy
MATREG(50) sy MHTAPE(20) s MIGHT(20)s MNOs NBLls NDs NELs NGs #HT»
MHISTs NOINTse Ny NR1(20)s NR2s NRECy NRD(5)s MLIBs NSGy PID

COMMON PPRINT(5)s PRAD(S5)s Qs IQIDs Sy SUMSs TMABs1003)y Wl{Z0)»
X1{20)» X2s XD1(5})s XDs Y1{(20)s Y2s YDs YDI(5)s Z1(20)s Z2»
22221y 2272722y ZDs ZD1(5) s DN{B3s8)s ISRCTPs ISRCRCy NMATS
ETxs ILOCs BEG(20) s BEGGER(20+20) s MKREC(2)s NTAPs AW(20)
EVMAX{20) s INLIBR{11)s INSUPR(20)s INELEM(8) .
/GEOML/ IBT( 75) s AFC 7538 ZF( T75)s CF{ 75)s XEL 75)s YF( 75)»
IBM{5099)s MPR(5099)s NE(50)s EPSLy nBDs NREG
/CARDC/ 1Ss ISls ILs IL1ls FLIRBs NPRINT(9)s MS

IDT=DTT

LS5=KSUPG

CALL SLITE (4)

KESCZ2 = D

IF (MR=2) 510s 4709 510
S=7.0*“)

GO TO 699

DISTH=1e0E+6

ME1=MB{R)

J1=0

o0 557 [3=14N131

J3=TARS(IRN({NRI3) ) .

CALL DISTI(XsYeZsAstsCed29593P1sP2sP3)
IF (JSENSE) 518s 518, 512
HRITFE (59514 )M31s U3y [13s KRy S DISTM
FORWAT (5-401131=912s S5H J3=9139 5H 13=s12s 5H NR=»13s
GH  S=eE1leb4s 84 DISTYM=4E]1les)

CALL SLITET(34K020FX)

GO TO(5509520) oKDIDFX

I (S=DI5STM 530s 5509 550
DIST=S

J1=13

o COMTINUE

0002
00u3
0004
0005
0006
Q007
0008
0009
0010
0011
0012
0013
0014
0015
0016
Q017
0018
00l9
CP20
cozl
0022
0023
uoZ4
0025
J026
ud27
oues
0029
0030
0031
0032
0033
0034
0035
0U36
Q037
0038
0039
Uu40
0oal
2042
0043
0044
J045
0d4as
0047
004y
0049
0050
0051
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S=DISTM
IF (JSENSE) 580s 580y 560
560 WRITE (6+570)IDTs NRD(IDT)s NRs Jls Ss SUMSs D .
570 FORMAT (S5HOIDT=s12s 10H NRD(IDT)=91I3y 4H NR=s13s 4H Jl=s13/
13H S=sEllelss 6H SUMS=9E1less 3H D=3Elle4)
580 IF (Jl1) 5859 5855 590
585 WRITE (64588)
588 FORMAT (62HOPROGRAM EXITS FROM DO 550 WITH J1 LESS THAN OR EQUAL
1TO ZERO) ' '
-GO TO 625
590 NBl= IABS(IBN(NRsJ1))
NR3=MPR({NRsJ1)
600 MNO = MATREG(NR}

IF{NR=NRD{IDT)) 640s 610y 640
610 IF({S+SUMS=D) 615» 6205 620
615 SUMS=SUMS+S

GO TO 650

620 S=D = SUMS
SUMS=SUMS+S
IF(ABS(D=SUMS)=e001) 630s 630y 625
625 WRITE (64626)
626 FORMAT ( 55HOTHE DISTANCE EQUATIONS IN ROUTINE AlAZ2 ARE IN ERROR
le)
WRITE (64570)IDT» NRD{IDT)s NRs Jls S» SUMSs D
DSAD = 060
GO TO 1900
630 CALL INTERP(EIsMNOsCROS)
ESP=ESP+5#CROS
IF (JSENSE) 1900y 1900s 633
633 WRITE (69635)ESPy Ss CROSs D
635 FORMAT ( S5HOESP=sFlleé4s 3H S=9Elleé4s 6H CROS=9Elles4s 3H D=sElles)
GO TO 1900
640 SUMS=SUMS+S
IF({D=SUMS) 625s 6259 650
650 CALL INTERP(EIsMNOsCRQS)
ESP=ESP+S5#(CR0OS
X=X+A%S
Y=Y+B%#S
2=2+C*S
IF (JSENSE) 7009 700, 660
660 WRITE (6+s6TOIKESC29NR39 NREGs NUBs NBls X 9 Y s 2 s NRs IBT(NBL)
" 1le AF(NB1l)s ZF(NBl)s CF(NBl)s NBI(NR)s IBN(NRsJ1)
670 FORMAT (THOKESC2=413s 6H NR3=913y 7H NREG=s13s 6H NUB=s13»s
1 6H NBl=sl4s 5H X2=9Ellel4s 5H Y2=sEllebs S5SH Z22=9Elle&/
2 5SH NR=s13y 11H IBT(NBl)=sI12s 10H AF(NBl)=sE1lle4s
3 10H ZF(NBll=9eEllebds 10H CF(NBl)=sElle4/ 9H NB(NRI=sI2»
4 13H IBN(NRsJL)I=413)
700 CALL DF7 (NRoXsYsZsNBLsNR3sKESC2)
GO TO 465
1900 RETURN

0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
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C suB

280

285
287

52

ROUTINE CHEEZE IN ANALYSIS CODE AO1ls
SUBROUTINE CHEEZE(KZsMZsLAZY)

COMMON /SCTAP7 IDTs ADs BDs CDs Dy Xs Ys Z» Ws NRs EIs DESLs

1 ICOLs ICOLLls JSENSEs KRECs KLMAX
COMMON /WEDWIT/ IDTA1(2Q)s ADA1(20)s BDAL1(20)s CDAL(20)s DAL(20)9

1 XAl(20)s YAL(20})y ZAl{20)s WAL(20)s NRAL(20)s EIA1(20)s DESAL(20)
COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100)s NCROS(8)s

1 ESCAT(8+25)s DES(8925420)

COMMON /JUNK/ As AO(20)s API2s ATy AT1(20)s ATWT(8)s By BO(20)s
Cs CO(20)s CLMDA, CPSIs’ CPSI2»s CROSs CRSS» DELCTs DISTMs
DSQDs Es EO(20)s EGRP(20)s ESI(8)s ESUM(20)s EPRINT(21)»
EXs EX1(20)s ESPs FLUX(20s20520)s FLUXE(20520)s FSUM(8)}s
GPRINT(21)s GRAD(21)» H(2)s HELP,s IEEs IEINTVs IEMAXs I1EPMAX»
IETAB(20)s IGINTV, IGPMAXs IHls IH2s IHTAPEs IHEAD» ILAST»
IPPMAXs IREGSCs J2NOs JINOs JUMs JTAPEs JTAPELls JTAPEZ2s JA» JIs

Ks Kls» KESCZ2s KGRP(3520)9s KSs KTAPEs Lls L2 L3y LBJs LZo»
MATREG(50)s MHTAPE{(20)s MIGHT(20)s MNOs ‘NB1ls NDs NELs NGy, NHT»
NHISTs NOINTs NNy NR1(20)s NR2s NRECsy NRD(5)3» NLIBs NSGs» PID

COMMON PPRINT(5)s PRAD(5)s Q» IQIDs S» SUMS» TM(Bs1k00)s WLI(20)s

CX1(20)s X2» XD1(5)s XDs Y1(20)s Y2» YDs YD1{5)s Z1(20)s 229
22221y 122229 ZDs ZD1(5)s DN(Bs8)s ISRCTPs ISRCRCs NMATS
ETMs ILOCs BEG(20)s BEGGER(20520)s MKREC(2)s NTAPs AW(20)s
EMAX(20)s INLIBR{11)s INSUPR(20)s INELEM(8) }
/GEQM1/ IBT( 75)s AF( 75)s ZF( 75)s CF{ 75)s XF( 75)s YF({ T5)y
IBN(5099)s MPR(5059)s NB(50})s EPSLs -NBDs NREG
/CARDC/ 1Ss IS1s ILs ILls FLIBs NPRINT(9)s MS

LPTL = LAZY

K=K2Z

KS=MZ

CALL SLITE (0)

VOO W P WNE

NV PN

DO 600 IDT = 1y ND
X = X1 (K)

Y = Y1 (K)

Z =271 (K).

A = A0 (K}

B = BO (K)

¢ = Co0 (K}

E = EO (K

AT=AV (K}

W = Wl (K)

MR = NR1(K}

EX = EX1(K)

XD = XDI(IDT)

YD = YD1(IDT)

ZD = ZD1(IDT)

IF  (JSENSE) 289y 289, 285

WRITE (69287)Xs Yy Zs As By C
FORMAT (6E1063)

YRITE (64287)XDs YDs ZDs Es AT, W
WRITE (69288)NRs EX
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FORMAT { 110s E1Ne3)

CALL DESCAL

CALL SLITET(1,KO0DFX)
G0 TO(6005290) sKOOOFX

CALL FCALA(KSH»IDTHLPT1)

COMNTINUE

RETURN

END
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C SUBRQUTINE DESCAL

1

1
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IN ANALYSIS CODE AOls

SUBROUTINE DESCAL

COMMON /SCTAP/ 1DTs ADs BDs CDs Ds Xs Yo
ICOLs ICOL1ls JSENSEs KRECs KLMAX

COMMON /WEDWIT/ IDTA1(20)s ADAL(20)s

Zy Wy NRs EIs DESL
BDAL(20) s

COMMON /CROSS/ NENEGY
ESCAT(84925)

ENERGY(100) »
DES(8325,207

TCS(85100)s NCROS(B)»

CDAL(20)y DA1(20)y
1 XA1(20)s YALL20)s ZAL1(20)s WAL(20)s NRA1(20)s EIAL1(20)y DESAL(20)

COMMON /JUNK/ As AD(20)s APIZ2s ATy ATL(20)s ATWT{8)s Bs BOI20)>s
1 Cs CO(20)s CLMDAs CPSI, CPSI2y CROSs CRSSs DELCTH DISTM»
2 DSQADs Es EO(20)s EGRP(20)» ESI(8)s ESUM{20)s EPRINT(Z21)»
3 EXs EX1{20})s ESPs FLUX(20520520)» FLUXE(20920)s FSUM(B8)»
4 GPRINTI(21)s GRAD(21)s H(2)s HELPs IEEs IEINTVs IEMAX» IEPMAX,
5 TETAB(20)s IGINTVs IGPMAXs IHls IH2s IHTAPEs IHEAD»s ILAST,
6 IPPMAX, IREGSCs J2NOs JINOs JMs JTAPE, JTAPEls JTAPEZ2s JAs JI»
7 Ks X1s KESC2s KGRP(3520)s KSs KTAPEs Lls L2s L3y LBJs LZs
& MATREG(50)s MHTAPE(20)s MIGHT(20)s MNOs NBls NDy NELs NGs NHT»
9 MHISTs NOINMTs NNy NRLI(20)s NR2s MREC, NRD(5)s NLIBs NSGs PID
COMMON  PPRINT(5)s PRAD(5)s Qs IQIDs Ss SUMSs TM{83s100)s W1(201)
1 X1(20)s X2s XD1{5)s XDs YL(20)s Y2y YDs YDLI{(D}s» Z21(20)s Z2»
2 722721 27222 ZDs ZDPL(5)s DN{8s8)s ISRCTPs ISRCRCs NMAT»
3 ETMs ILOCs BEG(20)s BEGGER(20,20) s MKREC(2)s NTAPs AW{20)»
4 EMAX(20)s INLIBR(11)s INSUPR(20)s INELEM(8)
5 /GEOM1/ IBT({ 75)s AF{ 75)s ZF( 75)s CF( 751 XF( 75)s YF( 75)
6 IBN(5029)s MPR(5059)s NB(50)s EPSLs NBDs NREG
2 /CARDC/ 1Ss 1S1s ILs IL1s FLIBs NPRINT(9)s MS
DSQD = (X~=XD)%%2 4+ (Y=YD)#%2 + (Z=ZD)#*#2
D = SQRT(DSQD)
AD = (XD =X) 7/ D
BD = (YD =Y) /7 D
ch = (2D =2) ¢ D
CPSI = A%*AD + BxBD + CxCD
IF (JSENSE)D 110s 110 105
105 WRITE (63106)CPSI :
106 FORMAT (8HOCPSI = sE10.5)
110 IF (NG) 130s 130s 120
120 IF {(EX) 1279 127 125
125 EI = Ne511
DESL = +159154942
GO TO 350
127 Q = E/0e511
P = 1e0/(1e0+Q=Q%CPSI)
El = E*P
Z5 = 2.0%Q
22 = 1l«0+Q
23 = 10425
Z4= ALOG(Z3)
CRSS=0e 7% (22/Q% %3 )% (25%22/13)=L4) + L4/15 « (1e0+3.0%Q)/23%%2)

DESL=

(P+P®x3—(P*%x2 1% (SIN(ARCOS (CPSI))1#%2))%#(,059683103/CRSS)

GO TO 350
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IF (AT=1e5) 140s 1609 160
IF (CPSI=.001) 345y 345, 150
CLMDA = 240 % CPS] % CPSI = 1.0

EI = E # CPSI #* CPSI

DESL= 31830989 #* CPSI

GO TO 350

CPSI2 = CPSI#%2

IF (EX) 171s 171s 170
EC = (AT+1.0)*EX/AT

IF (E=EC) 171s 171 172
BET = 140

SBET = 140

Go 7O 173

BET = 160 = EC/E

SBET = SQRT(BET)

CLMDA = (CPSI2=~1e0+CPSI*#SQRT(CPSI2=140+BET*(AT)#%2))/
1AT#*SBET)
EI =({1e0+2e O¥AT*SBETH*CLMDA+BET* (AT )%#%#2)/(AT+1.0)*%2

IF (EX) 176 1769 174
IF (BET~1.0) 175s 2205 220
AEC = AT/SQRT(E/(E-EC))

Go TO 225

DO 180 TA=1NEL

IF (ABS(ATWT(IA}=AT)=~0e5} 2005 200, 180

CONTINUE
WRITE( 69190 )

FORMAT (61HOTHE ATOMIC WEIGHT AT IS NOT ONE SUPPLIED IN THE ATWT M
1ATRIXe)

CALL EXIT

JA = 1A

IF (E=ESI(JA}) 220s 220, 230

AEC = AT

HELP = #079577471

GO TO 3490

IEVMAX = NCROS(JA)

DO 250 IE=1s1EMAX

IF (ESCAT(JALIE)=-E) 240y 2409 250
IEE = IE

GO TO 260

CONMTINUE

DO 280 LA = 1919

IF (DES (JASIESLA)-CLMDA) 270, 270,
LEJ = LA

GO TO 300

CoONTINUE

DELCT = ABS(140+4DES (JAsIES19))

G0 TO 330

IF(LBY=1) 310y 310 320
SELCT = ABS(1e0~DES (JAsIES1))

GO TG 330

280
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320 DELCT = ABS(DES (JASsIEsLBJI=DES (JAsIEsLBU=1))

330 HELP = 007957747/DELCT
AEC = AT . _

340 DESL = HELP % SQRT(AEC*¥2+240%AEC*¥CLMDA+LleQ)%¥3 /
1 (AEC##%2)*ABS (AEC+CLMDA) )
GO TO 350

345 CALL SLITE (1)

350 IF (JSENSE) 600s 600s 360

360 WRITE (65370)X»s XDs As ADs Qs CPSIs CRSSs DSQD» Ys
1 EX»s DESLs DELCT, Z» ZDs C» CDy Es EIs CLMDAs HELP

YDs Bs BDs D»

370 FORMAT (3HOX=sE10e3s 4H XD=3E10e3s 3H A=sE10e3s 4H AD=9E10435
1 3H Q=» E10e39s 6H CPSI=9E10e3s TH CRSS =»E10e3s7H DSQD =9ELQe3/
2 3H Y= E10e3s 4H YD=y E10e3s 3H B=y E1043y 4H BD=s E1lOe393H D=»
3 E10e3y 6H EX =» E10e3s 7H DESL =3 E1Qe3s 7H DELCT=y E10e3 /
4 3H Z=s E10e3s 4H ZD=y E10e3s 3H C=y EL10e3s. 4H CD=y E10e3s 3H E=»
5 E10e3s 6H EI =9 E10e3s 7H CLMDA=y E1O0e3s TH HELP =+E1043 )

600 RETURN
END
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SUBROUTINE FCAL(KSsKDDT) IN ANALYSIS CODE AOL.

SUBROUTINE. FCAL (KSS sKDDTsLAZY) ; :

COMMON /SCTAP/ IDTs ADs BDs CDs Ds Xs Ys Zs Ws NRs» EIs DESL»
ICOLy. ICOLLs JSENSEs KRECs KLMAX -

COMMON /WEDWIT/ IDTA1(20)s ADA1(20)s BDA1(20)s CDALl(20)s DAL(20)s
XAL{20)s YAL(20)s ZAL1(20)s WAL(20)s NRAL(20)s EIA1(20)s DESAL(20)

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100)s NCROS(8)s

ESCAT(83525) 9 DES(8925520) . :
COMMON /JUMK/ Ay AO(20)s API2y ATy AT1(20)5 ATWT(8)s By BO(20)s
Cs CO(20)s CLMDAs CPSIs CPSIZ2s CROSs CRSSs DELCTS DISTM»
DSQDs Es EO(20}s EGRP(20), ESI(8)s ESUM(20) s EPRINT(21)»

EXs EX1{20)s ESPs FLUX(20520920)s FLUXE{209+20)s FSUM(B)s
GPRINT(21)s GRAD(21)y H{2)» HELPs IEEs IEINTVs IEMAXs IEPMAXs
IETAB{20)s IGINTVs IGPMAXs IHlsy IH2s IHTAPEs IHEADs ILAST»
IPPMAXs IREGSCs J2NOs JINOs JMs JTAPEs JTAPELls JTAPE2s JAs Jls
Ks Kls KESC2s KGRP(3s20)9s KSsy KTAPEs Lls L2s L3y LBJs LZs ,
MATREG(50) s MHTAPE(20)s MIGHT(20)» MNOs NB1ls NDs» NELs NGs NHTs
NHISTs NOINTs NNy NR1(20)s NR2s NRECs NRD(5)s NLIBs NSGs PID
COMMON  PPRINT(5)s PRAD{5}s Qs IQIDs S» SUMSs TM(8»100)s W1(20)»

X1(20)s X2s XD1(5)s XDs Y1(20)s Y24 YD»s YD1(5)s 21(20)s Z2+
272221y 2227225 2Dy 2D1(5) s DN(828)s ISRCTPs ISRCRCs NMAT»
ETMs TLOC, BEG(20)s BEGGER(20520)s MKREC{2)s NTAPs AW(20)»
EMAX(20)s INLIBR({11)s INSUPR{Z20)s INELEM(8) '

/GEOML/ IBT( 753} AF( 75)s ZF( 75)s CF( 75}9 XF( T5)s.YF( 75)»
IBN({5099)s MPR(50s9)s NB(50)s EPSLs NBDs NREG

/CARDC/ 1Ss IS1s ILs ILl1s FLIBs NPRINT(9)s MS-

COMMON /FLXDO/ FTDs» FTOD(100)s DOSE(5420520)

COMMON/FLU/ANHIST

LPT1=LAZY

KS=KSS

IDT=kDDT

A = AD

B = BD

Cc = CD

IF (EI=EGRP({KS)) 292y 310 310

IF (JSENSE) 300y 300, 295

WRITE (69296)ICOL
FORMAT (6HOICOL=513)
CALL WITE (LPT1)

‘GO TO 600
ESP = O
SUMS=0
IF (JSENSE) 3 3159 315 312
WRITE (69313)Xs Yy Zs As Bs Co» KSs IDT» EI

1
2

FORMAT (3HOX=9Elle4s 3H Y=9sElle4s 3H Z=sElle&/
3H A=5sElle4s 3H B=sElle4s3H C=9E1ls4/
4H KS=s129 5H IDT=s12s 4H EI=sElle4)

315 CALL AlAZ2(KS,IDT)

IF (DSQD) 600s 600y 314

314 F = W % DESL% EXP(=ESP )/ DSQD
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IF  (JSENSE) 319, 319, 316 0050

316 WRITE (69317)Ws DESLs ESPs DSQD 0051
317 FORMAT (3HOW=sElle4s 6H DESL=sEllebs 6H ESP =sEllebs 6H DSQD=sElle 0052
14) 0053
319 SPHI = SQRT(1e0=CD#%2) i 0054
IF(SPHI=~e0001) 323y 322, 322 0055

322 CPHI = AD /SPHI 0056
SPHI = BD /SPHI 0057
XSP = ABS(SPHI) 0058
IF(XSP=1e0) 321 325, 325 0059

321 PHI = ARSIN({XSP) 0060
GO TO 324 0061

325 PHI= 145707963 0062
GO TO 324 0063

323 SPHI = 040 0064
324 IF (CPHI) 320y 360s 390 0065
320 1F (SPHI) 3305 3409 350 0066
330 Pl=2.0 0067
GO TO 430 0068

340 P1l=2.0 0069
PHI=0.0 | 0070

GO TO 430 0071

350 Pl=1.0 . 0072
GO TO 430 0073

360 IF (SPHI) 370s 430s 380 0074
370 P1=3.0 ' 0075
PHI = 040 0076

GO TO 430 0077

380 Pl=1.0 0078
PHI = D40 0079

GO TO 430 0080

390 IF (SPHI) 400s 4109 420 0081
400 P1l=3,.0 0082
GO TO 430 0083

410 P1l=0.0 0084
PHI=0,0 0085

GO TO 430 0086

- 420 P1=0.0 0087
430 PHI = PHI + P1%145707963 0088
IPHID = IPPMAX 0089

DO 431 J = 2,IPPMAX 0090
IF(PHI = PRAD(J})) 432y 432y 431 0091

431 CONTINUE 0092
432 IPHID = J = 1 0093
IF (IPHID = IPPMAX) 438y 435 435 0094

435 WRITE (69436)1IPHID ‘ 0095
436 FORMAT (55HOONE OF THE FLUX SUBSCRIPTS IS TOO LARGEe SUBSCRIPT-= 0096
1412} 0097
CALL EXIT .0098

438 IPHID = IPHID + 4 % (IDT = 1) 0099
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GAM = ARCOS(CD)

KE=IEPMAX

DO 450 J=2 s [EPYAX

IF(EI=EPRINT(J)) 4409 4509 450

CE=J=1

GO TO 460

CONTINUE

JGAM= T GPMAX

DO 480 J=1sI1GPHAX

IF (GAM=GRAD (J) 7Y 4709 480 430
CONTINUE

JGANM=J=1

IF(JGAM = IGPMAX) 4855 431y 481

WRITE (64436)JGAM

IF(KE = IEPMAX) 490 486 486

ARITE (69436)KE

FLUX{IPHIDs JGAMIKE) = FLUX(IPHIDs JGAMIKE) + F
DUMF = (F #FTD ) / ANHIST

DOSE(IDT s JGAMIKE) = DOSE(IDT s JGAYSKE) + DUMF

F = D60

IF (JSENSE) 600s 6009 530

WRITE (69540)Fs IPHIDs JGAMs KEs FLUX{IPHID»JGAMSKE)

FORMAT (3H F=y Ellefs TH IPHID=s I&4» 6H JGAM=s 14y 4H KE=slds

1234 FLUX{IPHIDs JGAMs KE) =y El12.6 )

WRITE{(6+550) FTDsIDTHDOSE(IDT s JGAMeKE)

FORMAT ( 304 FTDs IDTs DOSE{IDTs JGAMsKE) / 5X I5s 1P2E10e4)
RETURN

EnD
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C SUBRDUTINE WEED IN ANALYSIS CODE AOls

SUBROUTINE WEED (KMsLAZYsLOU)

COMMON /SCTAP/ IDTs ADs BDs CDs Ds Xs Ys Zs We NRs Els DESLy
1 ICOLs ICOLls JSENSEs KRECs KLMAX

COMMON /WEDWIT/ IDTAL(20)s ADA1(20)s BDAL(20)s CDAL{20)s DAL(20)%
1 XAl(20)s YAL(20)s ZALl(20)s WAL(20)s NRAL{20)s EIA1(20)» DESA1(20)

LPT1 = LAZY

LPTZ2 = LOU

KK:KM

REWIND LPT1
10C IF (KLMAX-1) 500y 210s 105
105 KTMAX = KLMAX-1

120=20

110 DO 200 IL = 1, KTMAX
READ (LPT1)(IDTAL{M) sADAL(M) sBDALIM) sCDALIM) 3DALIIM) 9XAL{M) YAl
1UM) s ZAT () s WAL(M) oNRAL (M) 9ETAL(M) 3DESAL(M) sy M = 1s 120)
DO 200 KZ = 1. I20

IF  (JSENSE) 1255 125, 115

115 WRITE (6+120)K2s IDTAL( K2 )s ADALL{ K2 )s BDAL( K2 )y CDAL{ K2 )
IDAL( K2 )s XALL K2 ) YALL K2 )s ZAL({ K2 ) WALl K2 )s NRA
210 K2 )s EIAL( K2 ) DESAL( K2 )

120 FORMAT (6HO K2=513516H IDTAL(ICOL) =3]215H ADAL(ICOLI=5ELlls
14¢15H BDAL(ICOL)=sElle4sl5H CDAL(ICOL)=9Elle4/11H DALCICOL)=
29FE1lebsl4H XA1({ICOL)=9E1l el s14H YAL(ICOL)=9EL1lebsl4H ZAL(
31COLI=sE11e4/11H WAL(ICOL)=9E1lattsl5H MRAL{ICOL)=s13,15H EIA
41 (ICOL)=9E11leb4s16H DESAL(ICOL)Y=9EL1la&)

125 IDT = IDT Al(K2)

AD = AD  Al{K2)
BD = BD Al{K2)
CD = CD Al(x2)
D =D AL(K2)
X = X Al (K2)
Y- =Y Al(X2)
Z = 7 Al(K2)
W = Al(K2)
MR o= MR OA1({X2)
FI = EI  Al(¥2)

DFSL= DES Al(K2)
127 CALL FCAL (KKsIDTsLPT2)
200 CONTINUE
IF (ICOLY) 4005 4005 210
210 KTMAX = 1
215 120 = 1COL1

ICoLl = 0

GO TO 110
40C LAZY = LPT2

LoU = LPT1
500 RETURN

END
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C SUBROUTINE WITE IN ANALYSIS CODE AOQOl. 0002
SUBROUTINE WITE (LAZY) N 0003
COMMON /SCTAP/ IDTs ADs BDs CDs D9 Xs Ys» Zs We NRs EIs DESL» 0004

1 ICOLs ICOL1ls JUSENSEs KRECs KLMAX . 0005

COMMON /WEDWIT/ IDTA1(20)s ADA1(20)s. BDAL(20)s CDA1(20})s DAL(20)s 0006
1 XA1(20)s YAL1(20)s ZA1(20)s WAL(20)» NRAL(20)s EIAL1(20)s DESAL(20) 0007

LPT1 = LAZY 0008
ICOL = ICOL + 1 0009
IDT Al(ICOL) = 1DT 0010

AD Al(ICOL) = AD’ 0011
BD AltICOL) = BD 0012
CD Al(ICOL) = CD 0013

D AL(ICOL) =D 0014

X AL{ICOL) = X 0015

Y Al(ICOL) = Y 0016

z Al(ICOL) = Z 0017

W ALLICOL) = W 0018
MROOALCICOLY = AR 0019

E1 AL(ICOL)Y = EIl 0020
DES Al(ICOL) = DESL 0021

IF (JSENSE) 159 155 5. 0022

5 WRITE (6+10)ICOLs IDTAL{ICOL)s ADAL{ICOL)s BDAL(ICOL}» CDAL{ICOL)y 0023
1 DAL(ICOL)s XAL({ICOL)s YAL(ICOL)s ZAL{ICOL)S WAL{ICOL)s NR 0024
2AL(ICOL)s ETAL{ICOL) s DESAL(ICOL) 0025
10 FOR“AT (6HOICOL=913s16H =~ IDTAL(ICOL)=s12+15H ADAL(ICOL)=yEllse 0026
149154 BDALI(ICOL)=9Ellets15H CDAL(ICOL)=sE1le&/11H DAL(LIEOL)= 0027
29E1lekslaH XAL1{ICOL)=9EL1llebslaH YAL(ICOL)=9Ellel ol ZAL( 0028
31COL)I=sE11le4/11H WAL(ICOL)=sE1le4s15H NRAL(ICOL)=913515H EIA 0029
41(1COLI=sELlatrslbH DESAL(ICOL)=sElle4) 0030
15 IF (I1COL=2D) 80 s 205 20 0031
0 KREC = KREC #1 0032
SRITE (LPTLVCIDTAL(I) sADAL(I) oBDAL(T) 9CDAL(I)sDALIIYsXAL{I)s YAL( 0033
11)eZALCI) s wAL(I)sNRAL(I)SEIAL(I)SDESALII)s I=1420 ) 0034
IcoL = 0 0035

80 RETUR'! 0036

ED 0o37
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SUEesyUTINFE

SUBRNUT INFE

CHtHON
READ |
RETUR™
ErD
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CRSREN I ANALYSIS CODE ADl.

CRERED

/CRDSS/Z LUM(5109)

3

Y (PUMINY si= 195109)

VO3Y
0040
0041
0042
0043
0044
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SUBROUTINE INTERP

COMMON /CROSS/ NENEGYs ENERGY(100)

ESCAT(8+25)s DES

COMMON /FLXDO/ FTDy

63

(EsMNOsCROS)

(8925+20)

CALL FINDER (NENEGYsEsJAZSENERGY)

CROS = TCS(MNO»JAZ) + (TCS(MNOsJAZ+1)=TCS(MNO»JAZ) 1 *((E=-ENERGY(JAZ

1))/ (ENERGY(JAZ+1)=-ENERGY(JAZ)))

1

FTD= FTOD(JAZ) +
/ {ENERGY (JAZ+1)

RETURN

END

(FTOD(JAZ+1) = FTOD(JAZ))
= ENERGY(JAZ)))

FTOD(100)s DOSE(5520+201}

#*

TCS(85100) sy NCROS{8)s

((E<-ENERGY(JAZ))
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20

30

40

50

55

60
65

70
75

80
85

S0
95
100
105
106
110

112
120
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SUBROUTINE DIST (XeYsZsAsBsCoeIsSeP1lsP2yP3)

COMMON /GEOM1/ IBT( 75)s AF( 75)s. ZF{ 75)s CF{ 75)9 XF( 7519
1 YF( 75)s IBN(5099)s MPR(50+9)s NB(50)s EPSLs NBDs NREG

I1 =1

12 = IBT(I1) .

GO TO (10520530540 950560970480490) o 12 .

Pl = A#%2 4+ B¥%2 = AF{I1)®C%%2 . v

D2 = A#({X=XF(I1)) + B#(Y=YF(I1l)) = C*AF(I1)#(Z=2ZF(11))
P3 = (X=XF(I1))*%#2 + (Y=YF({I1))%%2 =AF(IL)*(Z=~ZF(I1})#%2 = CF(I1)
60 TO 100 ’

Pl = A%*%¥2 + B#x2

P2 = AX(X=XF(I1l)) + Bx(Y=YF(I1)) = 0«5%AF({11)%C

P3 = (X=XF({I1))1%¥%#2 4 (Y=YF{I1))%%2 = AF(I1)%(Z=~ZF(I1))
GO TO 100

Pl = A#%#2 + B#%2 =(AF({I11)%C)x%2

P2 = A#(X=XF(I1)) + BH*(Y=YF(I1l)) = (AF(I1)#%2)#C*¥(Z=ZF{I1))
P3 = (X=XF(I1))#%2 4+ (Y=YF(I1))%%2 =~ (AF(I1)%(Z=ZF(I1)))%%2
GO TO 100 o

Pl = A%%2 4+ B#®%2

P2 = A%(X=XF({I1)) + B#(Y=YF(I1))

P3 = (X=XF(I1))%*%2 + (Y=YF{I1))#*%2 = AF(I1)%x%2

GO TO 100

P1 = SIN(AF(IL1))

P2 = COS(AF(I1))

P3 = =A#P1 + R#P2

1F (P3) 554 200y 55

S = ((X=XF(I1))%P1l = (Y=YF(I1))*P2)/P3 + EPSL

GO TO 150

IF (C) 655 200y 65

S = ((AF(I1)=2)/C) + EPSL

GO TO 150

IF (A) 75, 200s 75

S = {(AF(I1)y=X)/A} + EPSL

GO TO 150

IF (B) 85, 200 85

S = ((AF(I1)=Y)/B) + EPSL

Go TO 150

Pl = A%AF(I1) + B*ZF(I1) + C*CF(I1)

IF (P1) 95 2009 95 '
S.= (XF{I1l) = X®%AF(I1) - Y®*ZF{I1) = Z%CF(I1))/Pl + EPSL
GO TO 150

IF(ARS(PL1)~=140E=T7) 1055 105, 110

IF(ABS(P2)=140E=-7) 200y 200s 106

S = =045 % P3/P2 + EPSL

GO TO 150

p2 = P2/P1

P3 = P3/P1

IF (P2) 120s 120 112

IF (P3) 130s 130s 200

P4 =P2%%2 = P3



125
130

140
150
200
250
300

IF  (P4+41.0E=5)
IF (P3)

65

200s 200y 125
130s 140y 140

S = ~P2 + SQRT(P2#%2~P3) + EPSL

GO TO 150

S = =P2 =~ SQRT(P2##2-P3) + EPSL

IF (S = EPSL)
CALL SLITE (3)
S = 20 * EPSL
RETURN

END

200s 200, 300
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SUBROUTINE SEARCH (KAsX1sY1sZ1oNR1IsMSRCHSKESC2)
COMMON /GEOM1/ IBT( 75)s AF{ 75)s ZF( 75)e CF( T75)9 XF( 75)»
1 YF( 75)s IBN(50s9)y MPR(50+9)s NB(50)s EPSLy NBD» NREG

MSRCH = 0O
K = KA
JZ = NB(K)

DO 200 I=1sJZ
JZ1 = TABS{IBN{K»sI))
JZ2 = IBT(JZ1) ,
IF (422) 69 69 5
5 IF (JZ22-9) 8s 8y 6
6 WRITE (6s7) JZ2s JZ1s K JZs NR1
7 FORMAT (18H THE VALUE- OF IBT=+15420H FOR BOUNDARY NUMBERsI5s1Hs/
128H OR NB(NR2) MAY BE IN ERRORe/ 4H NB(sI1292H)=91395HsNRLI=12)
CALL EXIT
8 GO TO (1062093054050 96037D:80s90) s JZ2
10 XR ={X1=XF(JZ1))%%2 + (Y1l=YF(JZ1l))%%2 = AF(JZ1)#(Z1=2F(JZ1)})%*%2
1 ~CF{JZ1)
GO TO 100
20 XR =(X1=XF(JZ1))#%2 4+ (Y1=YF(JZ1))%%2 = AF(JZ1)#{Z21=2ZF(JZ1))%%2
GO TO 100
30 XR =(X1=XF{JZ1})##2 + (Y1l=YF{JZ1))##2 = (AF(JIZ1)#{Z1=2F{J21)))
1#%2
GO TO 100
40 XR =({X1=XF(JZ1))#*%2 + (Y1=YF{JZ1))*¥%2 = AF(JZ1)%*2
GO TO 100 |
50 XR ={=X14+XF(JZ1))#SIN(AF(JZ1)) + (Y1=YF(JZ1))*COS(AF{(JZ1))
GO TO 180
60 XR =Z21=AF(JZ1)
GO TO 100
70 XR =X1=AF(JZ21)
GO TO 100
80 XR =Y1=AF(JZ1)
G0 TO 100
90 XR =X1#AF(JZ1) + Y1#ZF(JZ1) + Z1#CF(JZ1l) = XF(JZ1)
Go TO 100
100 IF (IBN(KsI)) 110s 130s 130
110 IF (XR) 200s 2009 250
130 IF (XR) 2509 200y 200
200 CONTINUE
MSRCH = 1
KESC2 = NR1
NMR1 = K
250 RETURN
EMD
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C SUBROUTINE DF7 FOR CODES HOls AOls AND AO2.

525
600
602

605

610
620
650

655

665

670

700

SUBROUTINE DF7 (NR1sX1sY1sZ1sNB1lsNR2IKESC2)
COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( 75)s XF( 751}

1 YFU 75)s IBN(50s9)s MPR(50+9)s NB(50)s EPSL»s NBDs NREG

FORMAT (49HOCANNOT FIND REGION FOR PARTICLE WITH COORDINATES,

1 1P3E12e4 )

IF (NR2-2) 6059 602 605
KESC2 = NR1

NRL = 2

GO TO 700

JEZ NREG

JAZ NR2

NCY 0

DO 650 1I=JAZsJEZ

IF (I =2) 620s 6503 620 A

CALL SEARCH (IsX1lsY1lsZ1sNR1sMSRCHeKESC2)
IF{MSRCH)650+6509700

CONTINUE

IF (NCY = 1) 6555 6659 670
JEZ 1

JAZ = 1

NCY 1

GO TO 610

JAZ 3

JEZ NR2

NCY 2

GO TO 610

WRITE (69525)X1ls Yls 21

GO TO 602

RETURN

END

wwnoHnnn

SuUB0010

SUB0220
s$UB0230
SuUB0240
SUB0250
SuUB0260
SUB0270
5UB0280
SUB0290
SUB0O300
SUBG310
SUB0320
SUB0330
SUB0350
SUB0360
$UBO370
SUB0380
SUBO390
SUBO400
SUBO410
SUB0420
SUB0430

~SUB0440

SUB0452
SUBU460
SUB04T0
SUB0480
SUB0490
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SUBROUTINE FINDER (NENEGYsEsJAZSENERGY)

DIMEMSION ENERGY(100)
FNEGY = NENEGY _
JUMP = FNEGY/240 + 045
LOE = JuwpP

DO 30 I=146

FJUMP = JUMP

JUMP =FJUMP/2.0 + 045

IF (E = ENERGY(LOE)) 10y 509 20
LOE = LOE + JUMP '

GO TO 30

LOE = LOE = JuMpP

CONTINUE

IF (E = ENERGY(LOE)) 40y 50 50
JAZ = LOE

GO TO 60

JAZ = LOE = 1

RETURN

END

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020



C
C

69

SUBROUTINE FPRINT
SUBROUTINE FPRINT IN ANALYSIS CODE A0l
- SUBROUTINE .FRRINT ,
DIMENSION DSUME(20s21)s DSUMA(20!
‘DIMENSION GSUM(20)
COMMON /SCTAP/ 1IDTs AD»s BDs CDs D» Xs Ys Zs Ws NR» EIs DESL>s
.1 ICOLs ICOLls JSENSEs KRECs KLMAX ' :
COMMON. /WEDWIT/ IDTAL(20)s ADAL(20)s BDAL{20)» CDAL(20)s DAL(20)s
1 XAl(20)s YAL({20)s ZAl(20)s WAL(20)s NRAL(20)s EIAL1(20)s DESALl(20)
COMMON /CROSS/ NENEGYs ENERGY(100)»s TCS(85»100)s NCROS(8)s -
-1 ESCAT(8s25)s DES(B125520) :

COMMON /JUNK/ As AO(20)s API2s ATs AT1(20)}s ATWT(8)» Bs BO(20}s
Cs CO(20)s CLMDAs CPSIs CPSI2s. CROSs CRSSs DELCTs DISTM»
DSQDs Es» EO0(20)s EGRP(20)s ESI(8)s ESUM(20)s EPRINT(21),
EXs EX1(20)s ESPs FLUX(20»20920)s FLUXE(20920)s FSUM(8) s
GPRINT(21)s GRAD(21)s H(2), HELPs IEEs IEINTVs IEMAX»s TEPMAX»
IETAB(20)s IGINTVs IGPMAXs IHls IH2, IHTAPEs IHEAD» ILAST,
IPPMAXs IREGSCs J2NOs .JINOs UMs JTAPEs JTAPELs JTAPE2s JAs JIs

Ks Kls KESC2s KGRP(3320)s KSs KTAPEs L1s L2y L3y LBJsy LZ»
MATREG(501y MHTAPE(20}s MIGHT(20)s MNO» NBls NDs NELs NGs NHT»
NHISTs NOINTs NNs NRL(20)s NR2s NRECs NRD(5)s NLIBs NSGs PID

COMMON PPRINT(5)s PRAD(5)s Qs IQIDs Ss SUMSs.TM{83s100)s W1(20),
X1(20)s X2 XD1(S5)s XDs YL(20)s Y2y YDs YD1(5)s Z1(20Fs 22
22221 22222 ZDs ZD1{(5)y DN(8¥8)y ISRCTPs ISRCRCs NMATs
ETMs ILOC» BEG(20)s BEGGER(20,20)s MKREC(2)s NTAPs AW{20)»
EMAX(20)s INLIBR(11)s INSUPR(20)s INELEM(8)

/GEOML/ IBT( 75)s AF({ 75)s ZF( 75)s CF{ 75)s XFL .75)s YF{ 75)s
IBN{5059)s MPR(50s9)s NB{(50)s EPSL, NBDs NREG
/CARDC/ 1Ss IS1s ILs IL1s FLIBs NPRINT(9}s MS

COMMON /FLXDO/ FTDs FTOD(100)s DOSE(5520,20)

I=1

40 FORMAT (16HOPROBLEM NUMBER sA45,12/23H HISTORY TAPES LABELED sA6,A3

1s14s9H THROUGH sA63A3s14/) '
WRITE (6940)PIDsNNsHIL) sH{2) 9 IH1sH(1) sH{2) 9 IHZ

VONOWM PN

N OO PN

100 FORMAT (1H1s17Xs17HPARTICLE ENERGY =3sE10+3s3H TO»E10e3s4H MEV )
110 FORMAT (1Hls 14X,17HPARTICLE ENERGY . =sE10e3s3H TOsEL1Qe394H MEV )
111 FORMAT (1H192(14Xs17HPARTICLE ENERGY =39E10e3s3H TOsE10e394H MEV 1)
120 FORMAT (1HO»10Xs 12HPARTICLE Ee=sE10e393H TOsE10e3 s4H MEVsIX)

121 FORMAT (1HO#»10X»2(12HPARTICLE Ee=3E10e3s3H TO»E10e3s4H MEVs9X))

130 FORMAT (1HO»15Xs17HAZIMUTHAL ANGLE =3F6els3H TOsF6e198H DEGREES)

200 FORMAT (6H POLAR/6H ANGLEs18Xs25HAZIMUTHAL ANGLE (DEGREES) /
16H (DEG) 35X s4(FT7elslH=sF541)96Xs3HSUM )

210 FORMAT (6H POLAR/6H ANGLEs  12X»25HAZIMUTHAL ANGLE (DEGREES) /
16H (DEG)s6X93(FbelolH=9F5e1) 96X 93HSUM )

211 FORMAT (6H POLAR/6H ANGLEs12Xs25HAZIMUTHAL ANGLE (DEGREES)32Xs25H
1AZIMUTHAL ANGLE (DEGREES) /6H (DEG)»6X93(F6elslH=sF5e1)s6Xs3HSUMs
213X93(F6elslH=sF5e1)36X93HSUM )

220 FORMAT (6H POLAR/6H ANGLEs8Xs21HAZIMUTHAL ANGLE (DEG)/6H (DEG)s6X»

0002

0003
0004

0005
0006
0007
0008
0009
0010

0011

0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029

0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
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12(F6elslH=3F5e¢1) 96X 9s3HSUM ) 0050
221 FORMAT (6H POLAR/6H ANGLE2({8Xs21HAZIMUTHAL ANGLE (DEG)s19X)/6H (D 0051
1EG) 92(6X92(FbelrslH=sF541) 96Xs3HSUM» 10X 1)) 0052
2307 FORMAT(6H POLARs4Xxs21FPARTICLE ENERGY (MEV)) 0053
301 FORMAT{(7H ANGLE » (El1243)) 0054
311 FORMAT(TH (DEG) » (El2e3)) 0055
320 FORMAT{1H+12X3HSUM] 0056
321 FORMAT(1H+ 26X3HSUM) 0057
322 FORMAT (1H+ 38X3HSUM) 0058
323 FORMAT{1lH+ 50X3HSUM) 0059
324 FORMAT(1H+ 62X3HSUM) 0060
325 FORMAT(1H+ T4X3HSUM) 0061
326 FORMAT(1H+ 86X3HSUM) 0062
327 FORMAT{1H+ 98X3HSUM) 0063
328 FORGAT(1H+110X3HSUM) 0064
400 FORMATULHOsF54195X94E13e59E1445) 0065
410 FORMAT(1HO9F5e196X33E12459E14,65) 0066
411 FORMAT(1HO 9F5e196X3s3E12e59E146598X93E12e59E14465) 0067
420 FORMAT{1HOsFS5els. {6Xs2E124535E144595X) ) 0068
430 FORMAT(1HOsF5¢19E14e598E1245) 0069
431 FORMAT(1HOsF5419E1445) 0070
432 FORMAT(1HO»F5e152E1445) 0071
433 FORMATU(1HD9FS5e19E14e59 E12459E1445) 0072
434 FORMAT(1HO 9F5el9E14e592E12e59FE1445) 0073
435 FORMAT(1HO3F5e19E14¢593E12e59E1445) 0074
436 FORMAT(1HO3F5419E144554E12659E51445) 0075
437 FORMAT(IHO9F5e19E144595E12e59E1405) 0076
438 FORMAT(1HO 9F5e19E146596E12e53E1445) 0077
439 FORMAT(1HDsF5e1l9E14e5s7EL205sE1445) 0078
440 FORMAT(1IHO /4H SUMsTX94E13e59E14e5) 0079
441 FORMAT(LHO /4H SUMsTX93E12e53F14e598X93E12¢59E1445) 0080
442 FORMAT(L1HO /6H SUM  3(6X92E12e59E144545%X)) 0081
443 FORMAT(IHD /6H SUM o 6XsElf4e5s 8E1245) 0082
451 FORMAT{LHO/6H SUM o El4e5 ) 0083
452 FORMAT(1HO/6H SUM o 2E1445) 0u84
453 FORMAT(LHO/6H SUM 5 El4e5s E12e5s El&e5) 0085
454 FORMAT(1HO/6H SUM s El4e592E12659 El&e5) , 0086
455 FORMAT{1HO/6H SUM 5 El4e533E12e5s El&4e5) 0087
456 FORVAT(IHO/6H SUM s El4e594E12e59 Elte5) 0088
457 FORUMAT(1HO/6H SUM 9 E14e595E12e59 E1445) 0089
458 FORMAT(1HO/6H SUM 3 El44536E12e59 El4e5) 0090
459 FORUAT(1HO/6H SUM s El4e547E12e5s Ellbe5) 0091
IPINTV = [PPYAX-1 0092
ISINTY = IGPMAX = 1 0093
IEINTY = IEPMAX = 1 0094

MG = 1EINTV/2 0095
IEXTRA = TEINTV=2#4G 0096

WE = (IEINTV/9) + 1 0097
IHEAD = 1 0098

GO TO (11009900700 5500)s IPINTV 0099
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C FOUR AZIMUTHAL INTERVALS _ 9100
500.-D0 600 IDT=.1s ND 0101
WRITE (645011 IDTs XDL(IDT)y YDLCIDT)s ZDL(IDT) 0102

501 FORMAT (16H1DETECTOR NUMBERs 14/20H COORDINATES X = sE10e3sTH» 0103
1 Y = sE10e397THs Z = sE1043 ) 0104
DO 540 KE = 1s IEINTV , 0105
WRITE (69100)EPRINT(KE)s EPRINT(KE+1) 0106
WRITE (69200) (PPRINT{K)s: PPRINT(K+1) » K=1s4) 0107

DO 505 K=1l95 0108

505 FSUM(K) = 060 ’ 0109
DO 520 JGAM = 1y IGINTV 0110

SUM = 040 , 0oll1l

DO 510 IPHI = 14 0112
IPHID = IPHI + a4%{IDT-1) 0113

SUM = SUM + FLUX({IPHID»JGAMSKE) 0lis

510 FSUM(IPHI) = FSUM{IPHI) + FLUX({IPHIDsJGAMsKE) 0115
FSUM(5) = FSUM(5) + SUM ' 0116

K2 = IPHID 0117

Kl = k2-3 , 0118
WRITE (65400)GPRINT (JGAM+1) s (FLUX (K39 JGAMSKE) sK3=K1sK2)s SUM 0Ll9

520 CONTINUE - 0120
WRITE (65440) {FSUM(K31s K3=155) 0121

540 -CONTINUE 0122
- DO 550 IPHI=1s4 0123
DO 550 JGAM=14IGINTV 0124

550 FLUXE(IPHIsJGAM) = 040 0125
DO 560 1PHI=1s4 0126
IPHID=IPHI+4%(IDT~1) 0127

DO 560 JGAM=1sIGINTV 0128

DO 560 KE=19IEINTYV 0129

560 FLUXE(IPHI »JGAM) = FLUXE(IPHIsJGAM) + FLUX{IPHIDsJGAMIKE) 0130
WRITE (69100)EPRINT(1)s EPRINT(IEPMAX) : 0131
WRITE (65200) (PPRINT(K)s PPRINT(K+1)s K=1s4) 0132

DO 570 K=1s5 0133

570 FSUM(K) = 0.0 0134
DO 590 JGAM=1, IGINTV 0135
SUM = 040 0136

DO 580 IPHI = 1ls4 0137
SUM = SUM + FLUXE(IPHI»JGAM) 0138
580 FSUM(IPHI} = FSUM{IPHI) + FLUXE{IPHIsJGAM) 0139
FSUM(5) = FSUM{5) + SUM , 0140
WRITE (69400)GPRINT(JGAM+1) s {FLUXE(IPHI s JGAM) s IPHI=194)s SUM 0141

590 CONTINUE ' 0142
WRITE (69440)(FSUM{K3)s K3=145) 0143

600 CONTINUE 0144
GO T0 1200 0145

700 DO 890 IDT = 14 ND , 0146
WRITE (69501)IDTs XD1(IDT)s YDL(IDT)s ZDL(IDT) 0147

1F (IEXTRA) 7055 705s 800 0148

705 IF {(IEINTV=1) 800s 800y 710 0149



@}

72

710 DO 730  KE=14MG
AN EVEN NUMBER OF ENERGY INTERVALS
WRITE (69111)EPRINT(2#KE=1) sEPRINT(2%KE) sEPRINT(2#KE)» EPRINT(2%KE
1+1)
WRITE (69211)((PPRINTAJ) sPPRINT(J+1)sJ=133)sK3=142)
DO 715 J=1,8 ’
715 FSUM(J)I=040
DO 725 JGAM=1,IGINTV
SUM1=060
SUM2=0e0
DO 720 1IPHI=14+3
IPHID = IPHI + 4#(IDT=1)
SUYM1=SUMI+FLUX(IPHID s JGAMs2#KE=1)
SUM2=SUM2+FLUX(IPHID » JGAM 9 2%*KE)
FSUM{IPHI)=FSUM(IPHI)+FLUX(IPHID» JGAMy 2 ¥KE=1)
720 FSUM({IPHI+4)=FSUM{IPHI+4)+FLUX{IPHID»JGAMs2%KE)
" FSUM{B)=FSUM(8)+5UM2
FSU™ (4) =FSUM(4)+SUML+5UM2

<2 = IPHID

K1 = K2=2 ,

WRITE (65411)1GPRINT (JGAM+1) s (FLUX (K35 JGAMs2%KE=1) K3 =K1»K2) »SUM1
1 » (FLUX (K35 JGAM» 2%KE) 9K3=K1sK2) » SUM2

725 CONTINUE

WRITE (6+9441) (FSUMIK3)s K3=148)
730 CONTINUE

IF (IEXTRA) 827» 827 800
PRINTING OF 1 SET OF 3 PHI ANGLES PER PAGE
800 KE1=IFINTV ‘

WRITE (69110)EPRINT(KEL) sEPRINT(KEL+1)

WRITE (69210 (PPRINT(J) oPPRINT(J+1)9sd=153)

DO 815 J=1ls4
815 FSU(J)=0e0

DO 825 JGAU=1sIGINTV

SU#=0e 0

D0 820 IPHI=14s3

IPHID=IPHI + 4%(IDT-1)

SUM=SUM+FLUX{IPHID s JGAMSKEL) -
3203 FSUM(IPHIN=FSUM(IPHI)+FLUX{IPHIDs JJGAMsKEL)

FSUM(4)=FSUM(4)+5UM

K2=1PHID

Kl=K2=2

YURITE (6s410)GPRINT(JGAN+1) s (FLUX(K3y»JGAMyKEL) s K3=K1lsK2)s S

1J™
225 CoMTIMUE

WRITE (69441) (FSUM(K3)y K3=194) ‘
SU OVER ALL EMERGIES TO PRINT PHI VSe GAMMA == 3 PHI ANGLES
227 £0O 83¢C JGAM=1s IGINTV

DO 83n IPHI = 143
930 FLUXE(IPHI s JGAM) = 060

DO 3835 IPHI = 143

0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0lé68
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0ol81
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
gl96
0197
0198
0199



835

840

845

850
890
TWO
900

905
910
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IPHID = IPHI + 4%(IDT=1)

DO 835 JGAM = 1y IGINTV

DO 835 - KE = 1y IEINTV :
FLUXE(IPHI s JGAM) =FLUXE(IPHI » JGAM) + FLUX{IPHIDsJGAMIKE)
WRITE (69110)EPRINT(1)y EPRINT(IEINTV+1) '
WRITE (65210)(PPRINT(J) sPPRINT(J+1)sJ=153)

DO. 840 J=1s4

FSUM{J)=0,60

DO 850 JGAM=1,IGINTV

SUM=060

DO 845 IPHI=1,3

SUM=SUM + FLUXE(IPHI s JGAM)

FSUM(IPHI) = FSUM(IPHI) + FLUXE(IPHI sJGAM)

FSUM(4) = FSUM(4) + SuM -

WRITE (694101GPRINT(JGAM+1)s (FLUXE(IPHIsJGAM) sIPHI= 1s3)s SUM
CONTINUE ’
WRITE (69441) (FSUM(K3)y K3=1ls4)

CONTINUE

GO TO 1200

AZIMUTHAL INTERVALS

DO 1090 IDT=1s0MD

WRITE {6+501)IDTs XDL{IDT)s YDI{IDT)s ZDILIDT)

IF {IEXTRA) 9055 905s 1000

IF (IEINTV=-1) 1000, 1000y 910

DO 930 KE=19MG

AN EVEN NUMBER OF ENERGY INTERVALS

915

920

925

930

WRITE (69121)EPRINT (2#KE=1) sEPRINT (2%KE)sEPRINT (2%#KE)» EPRINT(2%KE

1+1)

WRITE (69221) ((PPRINT(K) sPPRINTI(K+1)sK=192)9K3=1492)
DO 915 J=146

FSUM{J)=040

DO 925 JGAM=1sIGINTV

SUM1=049

SUM2=0,0

DO 920 IPHI=1s2

IPHID = IPHI + 4%(IDT~-1)

SUML=SUML + FLUX(IPHIDsJGAMs2%KE~1),

SUM2=5UM2 + FLUX(IPHID s JGAMs2#KE)

FSUM(IPHI) =FSUM{IPHI) + FLUX(IPHIDsJGANM2%#KE+1)
FSUM{IPHI+3)=FSUM(IPHI+3)+ FLUX{IPHID»JGANM2¥KE)
FSUM(3)=FSuM{3}+ sSuMl

FSUM(6)=FSUY(6)+ SU¥2

K2=1PHID

K1l=x2=1

WRITE (69420)GPRINT(JGAM+1) o (FLUX (K39 JGAM9 2%#KE=1)sK3 =K1»K2)sSUMI

1o (FLUXIK3 9 JGAM92¥KE) 9K 3=K13K2)s5UM2

CONTINUE

WRITE (69442} (FSUM(K3)s K3=196)
CONTINUE

IF {IEXTRA) 1027, 1027s 1000

0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
e2iz2
0213
0214
0215
0216
06217
0218
0219
02290
D221
0222
0223
0224
U225
V226
v227
0228
U229
V230
0231
V232
0233
0234
0235
0236
0237
0238
0239
0240
0241
02472
0243
V244
0245
0246
0247
0248
0249
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C PRINTING OF 1 SET OF 2 PHI ANGLES PER PAGE
1000 KE1=I1EINTV "
WRITE (69120)EPRINT(KEL)s EPRINT(KE1+1)
WRITE (692201 (PPRINT(J)s PPRINT(J+1)sJd=152)
DO 1015 J=1s3
1015 FSU%({J)=0.0
DO 102% JGAM=13IGINTV
SUM=060
DO 1020 1IPHI=1s2
IPHID=IPHI + 4%({IDT=1)
SUM = SUM + FLUX{IPHI s JGAMsKEL) _
1020 FSUM(IPHI) = FSUMUIPHI) + FLUX(IPHID»JGAMSKEL)
FSUM{3)=FSUM(3)+SUM
K2=IPHID
Kl=K2=1
WRITE (63420)GPRINT(JGAM+L) s (FLUX(K3sJGAMsKEL) »
1UM
1025 CONTINUE
WRITE (65442)(FSUM(K3)K3=143)

C SuM OVER ALL ENERGIES TO PRINT PHI VSe GAMMA == 2PHI ANGLES

1027 DO 1030 JGAM=1sIGINTV
DO 1030 IPHI=lsZ2

1030 FLUXEU(IPHIsJGAM)=D40
DO 1035 IPHI = 1,2
IPHID = IPHI 4+ 4%(IDT-1)
DO 1035 JGAM = 1ls IGINTV
Do 1035 KE.= 1s IEINTV

K3=K1sK2)s

1035 FLUXE(IPHI»JGAM)=FLUXE(IPHIsJGAM) + FLUX(IPHIDsJGAMKE)

WRITE (65120)EPRINT(1)s EPRINT{IEINTV+1)}
WRITE (63220) (PPRINT(J) sPPRINT(J+1)sJ=152)
DO 1040 J=1s3

1040 FSUM(UJ)=060 .
DO 1050 JGAM=1,4IGINTV
SUM=0,40
DO 1045 IPHI = 142 :
SUM = SUM + FLUXE (IPHIsJGAM)

1045 FSUM(IPHI) = FSUM(IPHI) + FLUXE(IPHI»JGAM)
FSUM(3) = FSUM(3) + SUM

ARITE (65420)GRRINT(JGAM+L) s (FLUXE(IPHI»JGAM)y IPHI

1050 CONTINUE
WRITE (6+442) (FSUM(K3)sK3=193)
1090 CONTINUE
G0 TO 1200
C OME AZIMUTHAL ANGLE
1100 DO 1195 IDT = 1s ND
WRITE (69501)IDTs XD1(IDT)s YDL(IDT)s ZDLLIDT)
80 1105 JGAM = 1y IGINTV
1105 ESUM(JGAM) =040
Do 1119 KE = 1s IEINTY
1110 GSUMIKE)=0e0

1s2)s SUM

S

0250

0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
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IPHID = 1+4%(1DT=-1) 0300

K2=0 0301
IE1=IFEINTV 0302

DO 1115 JGAM=1, IGINTV 0303

DO 1115 KE=1sIEINTV 0304
ESUM(JGAM) = ESUM(JGAM) + FLUX{IPHID» JGAMsKE) 0305

1115 GSUM(KE) = GSUM(KE) + FLUX(IPHID» JGAMSKE) 0306
MEL =i 0307

1117 IF (ME1-1) 1120y 1120 1165 0308
1120 IEl = IEl1+1 , 0309
C LESS THAN 9 ENERGIES TO BE PRINTED. 0310
Kl=K2+1 0311
€2=1EINTV 0312
WRITE (65130)PPRINT(1)s PPRINT(IPPMAX) 0313
WRITE (64+230) 0314
WwRITE (68301} (EPRINTI(K3)s K3=K1sK2) 0315
Ka4=K1l+1 0316
K5=K2+1 0317
WRITE (68311) (EPRINT{K3)sK3=K4sK5) , 0318

GO TO (1125911265112751128+112951130s11315113251133)s IE1 0319

1125 WRITE (649320) ‘ 0320
GO TO 1135 0321

1126 WRITE (65321} U322
GO TO 1135 0323

1127 “WRITE (69322) 0324
G0 TO 1135 0325

1128 WRITE (69323) 0326
GO TO 1135 0327

1129 WRITE (63324) 0328
GO TO 1135 0329

1130 WRITE (64325) 0330
Gn TO 1135 0331

1131 WRITE (649326) 0332
GO TO 1135 0333

1132 WRITE (69327) 0334
50 TO 1135 0335

1133 WRITE (6328) 0336
1135 DO 1150 JGA™ = 1y IGINTV 0337
GO TO (1140s1141911429114351144911454414651147+2148)91E1 0338

114G “RITE (69431 )GPRINT(JGAN+1) s ESUMIJGAM) 0339
50 7O 1150 0340

1141 wRITE (6s432)1GPRINT(JGAM+L) s FLUX(IPHIDsJGAMsIEINTV)s ESUM(JGAM) 0341
GO TO 1150 0342

1142 WRITE (69433)GPRINT(JGAM+1) s (FLUX(IPHID s JGAMsK3) sK3=K1ls K2)s ESUM{ 0343
1JGA) 0344

G0 TO 1159 0345

1143 WRITE (65434)GPRINT(JGAM+1) s (FLUXIIPHID»JJGAMIK3) sK3=K1ls K2)s ESUM( 0346
1JGA™) 0347

GO TO 1159 0348

1144 WRITE (69435)GPRINT({JGAM+1) s (FLUX{IPHIDsJGAMsK3)9K3=K1ls K2)s ESUM( 0349
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1JGAM) 0350
GO TO 1150 0351

1145 WRITE (69436)GPRINT(JGAM+1) s (FLUX(IPHIDsJGAMIK3) sK3=K1ls K2)» ESUM( 0352
1JGAM) ‘ 0353

GO TO 1150 _ 0354

1146 WRITE (69437)GPRINT(JGAM+1) » (FLUX(IPHID»JGAMIK3)9K3=K1ls K2)s ESUM{ 0355
1JGAM) 0356

GO TO 1150 _ 0357

1147 WRITE (65438)GPRINT(JGAM+1) s (FLUX({IPHID»JGAMsK3)sK3=K1y K2)s ESUM( 0358
1JGAM) . ‘ 0359

GO TO 1150 0360

1148 WRITE (65439)GPRINT(JGAM+1) s (FLUX(IPHIDsJGAM»K3)sK3=K1y K2)s ESUM( 0361
1JGAH) ' ‘ ' 0362
1150 CONTINUE 0363
SUM=0,0 0364

DO 1151  KE=1lsIEINTV 0365

1151 SU¥=SU™ + GSUM(KE) 0366
GO TO (1155+11565115791158511595116051161»1162+1163)s [E1 0367

1155 WRITE (65451)5UM 0368
GO TO 1195 0369

1156 WRITE (64452) (GSUM(KE) sKE=K1sK2)s SUM 0370
GO TO 1195 0371

1157 %WRITE (69453) (GSUMIKE) sKE=K1sK2)s SUM 0372
GO TO 1195 0373

1158 WRITE (69454) (GSUM(KE) sKE=K1sK2)s SUM 0374
GO TO 1195 0375

1159 wWRITE (65455) (GSUMIKE) 9KE=K1sK2)s SUM 0376
GO TO 1195 0377

1160 WRITE (65456) (GSUM(KE) sKE=K1sK2)s SUM 0378
GO TO 1195 0379

1161 WRITE (69457) (GSUVMIKE) sKE=K1sK2)s SUM 0380
GO TO 1195 0381

1162 WRITE (65458) (GSUMIKE) sKE=K14sK2)s SUM 0382
GO TO 1195 0383

1163 WRITE (69459) (GSUMIKE) sKE=K19K2)s SUM 0384
GO TO 1195 0385

C NIME EMERGIES PER PAGE 0386
1165 K1l=K2+1 0387
K2=K1+8 0388
WRITE (69130)PPRINT(1)s PPRINT(IPPMAX) 0389
WRITE (65230) 0390
WRITE (6s301)(EPRINT(K3)s K3= KlsK2) 0391
C4=K1l+1 0392
K5=K2+1 _ 0393
WRITE (69311)(EPRINT(K3) sK3= K1sK2) 0394

DO 1170 JGAM = 1, IGINTV 0395
WRITE (6+430)GPRINT{UGAM+1) s (FLUXIIPHIDsJGAMIK3) sy K3= K1sK2) 0396

1170 COMTINUE 0397
WRITE (6s443)(GSUM(K3)s K3=K1sK2) 0398

ME1=MELl=-1 0399
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IEl=1E1=-9 0400
GO TO 1117 0401
1195 CONTINUE 0402

1200 NN = NN + 100 0403
DO 1530 IDT = 1lsND :
TOSUM = 060 i
DO 1202 JGAM.= 1,20
DO 1202 KE=1,21
DSUMA{JGAM). = 040,

1202 DSUME{JGAMIKE) = 0.0
WRITE (64501) IDTs XDL(IDT)s YDI(IDT)y ZD1CIDT)

IF ({(IEINTVeGT.10)} GO TO 1500
WRITE (651405) (EPRINT(KE+1)sKES1510)
1405 FORMAT (// 60X 10H DOSE RATE /2X S5HPOLAR 55X 6HENERGY /
1 2X SHANGLE/ 2X SH(DEG) 6X 10(F5e295X) s1X 3HSUM 7/ )
WRITE (651406)
1406 FORMAT (1H )
DO 1416 JGAM = 1sIGINTV
DO 1410 KE = 1s IEINTV
DSUME(JGAMs 11} = DSUME(JGAMs11) + DOSE(IDTsJGAMKE)
1410 DSUMA(KE) = DSUMA(KE) + DOSE(IDTsJGAMsKE)
TDSUM = TDSUM + DSUME(JGAMs11)
WRITE{691415) GPRINT{JGAM+1) s {DOSE(IDT s JGAMsKE) sKE=1510)
1 DSUME{ JGAMs11)

1415 FORMAT( 3X F5el1s2X 1P11E10e3)

1416 CONTINUE
WRITE(691417) (DSUMA(KE) sKE=1s10}s TDSUM

1417 FORMAT { /  4X  6HSUM s1P11E1043)

GO TO. 1530

1500 DD 1521 JGAM = 1y IGINTV
DO 1510 KE = 1s IEINTV
DSUME(JGAMs21) = DSUME(JGAMs21) + DOSE(IDT s JGAMSKE)

TDSUM = TDSUM + DSUME{ JGAMKE)

1510 DSUMA(KE) = DSUMA(KE) + DOSE(IDTsJGAMsKE)

1521 CONTINUE
WRITE(6+1520) (EPRINT(KE+1)sKE=1510)

1520 FORMAT (// 60X 10H DOSE RATE /2X 5HPOLAR 55X 6HENERGY /

1 2X SHANGLE / 2X SHADEG) 6X 10{F54235X) / )
DO 1524 JGA™M = 1l IGINTV

1524 WRITE (651415) GPRINT(JGAM+1)s (DOSE(IDT»JGAMsKE ) sKE=1510)

WRITE(691417) (DSUMA(KE) sKE=1s10)
WRITE (651526) (EPRINT(KE+1)sKE=11420)

1526 FORMAT{ //12X 10(F54255X) 31X 3HSUM )

DO 1527 JGAM = 1, IGINTV _

1527 WRITE(651415) GPRINT(JGAM+1) s (DOSELIDT s JGAMSKE) sKE= 119200 -
1 DSUME { JGAMs21) : '

WRITE(6s1417) (DSUMA(KE) sKE=11520)+TDSUM

1530 CONTINUE
WRITE (641350)1PIDs NN 0404

1350 FORMAT({15H1END OF PROBLEM » A4y 12 ) 0405
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CALL EX1T 0406
5ToP 0407
END 0408
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IIT ANALYSIS CODE AQ02

The history tapes containing all the pertinent details of each
particle collision can be used in the Analysis Code, AO2, to calculate
the particle flux within a region and the particle leakage from the
defined geometry. The A0O2 code calculates the total flux within each
region of the defined geometry, while the AOl code calculates only

the scattered flux at each detector point.

The particle leakage calculated by the A02 code is proportional
to the number current rather than the flux. An option is provided
for printing out the particle leakage or for recording the leakage
data on tape for future use as an approximate point source. If a
leakage tape is written, it may be used as input into the History

Generator Code or read as a SOURCE tape with the COl Tape Read Code.

3.1 Flux Within a Region

The expectation flux for each region is computed from a knowledge
of the particle's weight, energy and direction after each collision
and from the length of the particle's path through each region inter-
sected by the path. The weight of the particle emerging from a colli-
sion is denoted by W. The probability that the particle will undergo
a collision within the distance S through the region J which contains

the collision point is defined as
[1 - e— SZJ’T(_E)] >

where ZJ T(E) is the total macroscopic cross section for region J at
3

the energy E of the particle.
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The average expectation track length through region J for the parti-
cle is given by

W - 8r_ (BE)
J ZJ’T(E)

The weight of a particle entering region number K, a region not con-
taining the collision point, is

W' o= W e—EXP

2
where EXP is the sum of the mean free paths traveled by the particle
along the flight path before intersecting a boundary of

region K.

The average expectation track length through region K is

' —-—
TLK = Er’liagy (1-e SZK,T(E)).
K, T

The expectation track length through region K when the material in
the region is a vacuum is
= 1!
TLK W'S.
The expectation flux for a region is proportional to the sum of the

average expectation track lengths in the fegion for all particles

that have a non-zero probability of reaching the region.

The average expectation track length per unit source strength
in each region is obtained by dividing the sum of the track lengths
in the region by the number of source particle histories from which

the history tape was generated.

The expectation flux per unit source strength for a region can
be obtained by dividing the average expectation track length per
unit source strength in the region by the volume of the region. The

quantity computed by program AO2 is the average expectation track
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length per unit source strength for each region. This quantity is
printed as a function of the energy groups defined for that purpose in

the program input.

3.2 ‘Particle Leagkage

The weight of a particle entering the unbounded region after
undergoing a collision in a bounded region, is defined by

W8 =W e_EXP,

where EXP = the sum of the mean free paths traveled by the particle
between the collision point and the boundary of Region 2,
W = the particle weight following the collision, and
W& = an estimator of the number current leaking out of the

bounded regions.

The sum of the quantities W& computed from each collision is
normalized by dividing by the total number of source particles
followed. When the input parameter LSO = 1, the normalized number
current leaking out into the unbounded region is printed as a func-
tion of the energy E after collision and the angle cos_ly° The re-
sults so obtained can be used as the energy and angular distribution
of a point source representation of the system. When LSO = 2, a tape

is prepared that contains for each collision the following quantities:

particles/sec )
9

W& = normalized number current ( =
source particle/sec

NR1 = number of region from which the particle entered Region 2,
X,Y,Z = coordinates of the entrance point into Region 2,
0,8,y = direction cosines of the particle,
E = energy of the particle as it enters Region 2.

When LSO = 0, no leakage data are computed.
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3.3 Utilization of Analysis Code A02

The purpose of the Analysis Code, A02, is to calculate the number
of track lengths in each region of the defined geometry. The total
flux may be obtained by dividing the number of track lengths in a re-
gion by the volume of the region. In addition, the angular distribu-
tion of the current leaking from the entire system may be obtained in

the event that it is desired to describe an equivalent point source.

The code requires as input a HISTORY tape or, if the problem in-

volves more than one energy super—group, a SORTED tape. The HISTORY

or SORTED tape furnishes information generated by the History Genera-
tor Code, giving data concerning collision points that were distributed
throughout the described geometry by the Monte Carlo method. In most
cases the geometry and cross-section data necessary for input into the
A02 code will be the same as that used in a previously run history
generation problem. Therefore, many of the library decks used in the

" HO1 problem may also be used in the A02 problem.

3.3.1 Operator Instructions

The A02 code may use as many as four tape units in addition to
the regular input and output logical tape units 5 and 6. Input
HISTORY or SORTED tapes should be loaded on logical tape units 1 and
2 before starting the problem. If there is only one input HISTORY
or SORTED tape, it should be loaded on logical unit 1. If cross

sections are input on cards, they will be transferred to the tape on
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logical unit 9 and, if desired, the operator may be instructed to save
and label the tape on logical unit 9. The operator should be informed
that logical tape units 3 and 9 may be used during the process of run-

ning a problem with the A02 code.

3.3.2 AO02 Input-Data Formats

The cards making up the problem input and the library data for A02
must be sequenced in columns 69 through 72. The first card of each
problem input or library data deck must have a 0001 in these columns
and each succeeding card must contain the numbers in increasing sequence.
In addition the numbers in columns 67 and 68 of all cards within a
deck must be 00 for problem input data or the library number for library
data decks, Instructions are included in rhe COHORT routines to verify
the sequence of cards as they are read in and to check to determine
whether all cards in a deck have the correct number in columns 67 and
68. If the program detects a card out of sequence or an incérrect
number in columns 67 and 68, an error statement will be printed and

the problem will be terminated.

3.3.2.1 AQ2 Problem Input Data

Each problem run on the Analysis Code, AO02, will require a problem
input data deck which must be placed immediately behind the '"data"
card that separates the binary and data decks. The format to be used

in preparing an AO2 problem deck is given in Table IX.
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TABLE IX
AO2 Problem Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit
1 3I5,E10.4 TIEPMAX - Number of energies bounding printout 21
715 energy groups
IGPMAX Number of angles bounding priantout €21
polar angle groups
LSO Printout option
LSO = 0, Only track lengths versus re-
gion and particle energy will
be printed.
LSO = 1, The number current leaking

from a system versus angle
and energy will be printed
as -well as the track lengths
versus region and energy.

LSO = 2, The same printout is given as
when LSO = 1 and, in addition,
a tape is written giving: the
number current, the region
number of the last region be-
fore escaping into a wvacuum,
the final particle energy, the
coordinates of the particle at
the exit point, and the direc~-
tion cosines. con

ELOCUT Lower cutoff energy
NEL Number of elements 58

NG Type of particle

NG = 0, neutrons

NG = 1, gamma rays
NG = 2, secondary gamma rays
NHT Number of input HISTORY or SORTED £2
tapes
NREG Number of geometrical regions <50
NUB Number of boundaries bounding the 20

outside region
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TABLE IX (continued)

Input i
Card Format Item Definition Limit
NLIB Number of input libraries (The code
compares this number with the actual
number of libraries supplied and with
the number that is calculated to be
necessary using other input data. If
the three numbers are not the same,
the code will give an error print.)
NMAT Number of materials 8
2 1H,A6,A3 H(1),H(2) Label on input history tapes (usually
1X,A6,A3,8I5 HISTORY or SORTED)
HE(1),HE(2) Label on output leakage tapes (usually
LEAKAGE)
J2NO Tape number to be assigned to &
LEAKGE tape
NSG Number of energy super-groups £20
IQID Tape number of cross-section tapes

(IF cross sections are input on cards
rather than tapes, leave this field
blank.)

NHIST Number of histories

MKREC(1) Number of records on last HISTORY or
SORTED tape that is to be input

MKREC(2) Number of sets of collision data in
the last record of the last HISTORY
or SORTED tape to be input

ISRCTP HISTORY or SORTED tape option

ISRCTP = 0, HISTORY or SORTED tape is
available
ISRCTP = 1, collision data will be
input on cards rather than
tape (An AOl, AO2 library
is needed.)
NTAP Cross—-section tape option

NTAP = 0, cross sections not on tape
NTAP 1, cross sections will be input
on tape

[
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TABLE IX (continued)

Input
Card Format Item Definition Limit

(If cross sections are on tape, library
6 is not needed; otherwise, a library 6
is needed for each super-group of every
element. Cross-section tapes written
by the HOl code will not be accepted as
input into the A02 code.

3 E10.4 EPSL Small increment used to move a particle's
position off a boundary. (This value,
when added to the largest distance to a
boundary that is anticipated in the given
problem, should change that distance in
the first eight significant figures.)

4 3110 MHTAPE(K) Input HISTORY or SORTED tape number
(K = 1, NHT). If one of the tapes is
only partially filled, the number of
that tpae should be the last one listed.

JSENSE Intermediate printout option

JSENSE = 0, do not print out intermediate
print data

JSENSE = 1, do print out intermediate data

(JSENSE should be 0 if number of histories
is greater than 50.)

5 6E10.0  BEGGER(K,M) Number of sets of collision data +.5 for
super—-group M on HISTORY or SORTED
tape K. (If NHT = 0, omit cards with
BEGGER(K,M) values.)

Follows 1215 IETAB(K) Number of tabulated cross sections £100
last for super-group K
BEGGER(K,M) card

Follows 6E10.0 EPRINT(K) Energies bounding printout energy K=1,TEPMAX

last groups (ascending order. The first
IETAB (K) energy bound should be the minimum
card energy for the problem and the re-

maining values should be the upper
bounds for the first to the last
printout energy groups.)
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TABLE IX (continued)

Input
Card Format Item Definition _ Limit

Follows 6E10.0 GPRINT(K) Angles bounding the printout polar K=1,IGPMAX

last angle groups (degrees, ascending
EPRINT(XK) order. The first wvalue is the lower
card bound of the first angle group and

the remaining values are the upper
bounds of the first through the last
groups.

Follows 4E10.4* EGRP (K) Lower energy bound for energy group K=1,NSG

last K

GPRINT (K)

card EMAX(K) Upper energy bound for energy group K=1,NSG
K

Follows 6E10.0 ESI(K) Energy below which elastic scatter- K=1,NEL

last ing is isotropic in the center-of-
EGRP (K) mass system for element K. (These
card values are not required for a gamma

calculation, but a blank space must
be left for each element of the problem.)

Follows 6E10.0 ATWT (K) Atomic weight of element K. (These K=1,NEL

last values must be listed in the same order
ESI(K) that they were listed in the HOl prob-
card lem that wrote the tapes used as input

in this problem.)

Follows 6E10.0 DN(J,K) Atomic density of element K in K=1,NEL
last material J. K varies most rapidly; J=1,NUMAT
ATWT (K) start new card for each material.

card

Follows 6110 NB (K) Number of boundaries defining K=1,NREG
last region K

DN(J,K) card

Follows 6K10 MATREG(K) Material in region K K=1,NREG
last
NB(K) card

* Reading order: (EGRP(K), EMAX(K), K=1,NSG)

3.3.2.2 Library One: HOl, AOl, AQ2 Codes

Library one contains information describing boundaries for the

COHORT codes HOl, AO1l and AO2. If AOl, AO2 and HO1l problems are being
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run for the same geometry, the same library deck 1 may be used in the
input in all three codes. 1In describing the boundaries, the outside
boundaries must be described first. A boundary should not be used
both as an inside and outside boundary because once the program dis-
cerns that a particle has crossed an outside boundary from an inside
region, the tracking of thé particle is terminated. 1If the geometry
is such that a boundary is both an outside and an inside boundary,

it should be defined twice, first as an outside boundary and later

as an inside boundary. The formats to be used in making up a library

one deck are given in Table X.
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TABLE X
Library One Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Defindition Limit
1 2I10 LIBT Type of library to be read in =]
(LIBT = 1 for library one)
NBD Number of boundaries described in £75

library one (maximum of 150)

The next NUB cards should contain the boundary descriptions
for the NUB outside boundaries of the geometry being described.

2 IlO? IBT(K) Type of boundary for boundary K K=1,NBD
5E10.4
IBT(K) = 1, sphere, ellipsoid or
hyperboloid

IBT(K) = 2, paraboloid
IBT(K) = 3, cones
IBT(K) = 4, cylinders
IBT(K) = 5, plane containing Z axis
IBT(K) = 6, plane perpendicular to Z axis
IBT(K) = 7, plane perpendicular to X axis
IBT(K) = 8, plane perpendicular to Y axis
IBT(K) = 9, arbitrarily oriented plane

AF(K)

ZF (X) _

CF(K) Curve~fit coefficients for boundary K K=1,NBD

XF(K)

YF(K)

* Reading order: (IBT(K), AF(K), ZF(K), XF(K), XF(K), YF(K),
K=1,NBD)

3.3.2.3 Library Two: HOl, AQOl, A0Q2 Codes

In Library Two the various inside regions in the geometry under
consideration are described by giving the boundary numbers that en~-
circle each of the regions. If the same geometry is being considered

in HO1l, A0l and AO2 problems, then the same library type 2 may be used
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in the input of all three codes. The material within any one region will
be taken to be a homogeneous mixture. The History—-Generator Code and
the Analysis Code (A02) calculate respectively energy depositions and
track lengths within regions; so the size of the regions should be
chosen to give the best statistical results. The codes assume that the
first region described is the source region. It is not necessary that
all source particles originate in this region, but the problems will
run more economically if most of the particles originate within this
region. Region 2 is understood to be the outside region and is not
described in this library. Inside regions may be listed in any order
desired, but different arrangements may prove to be more economical,
since upon a particle's crossing a boundary, a search is performed
beginning with the most probable region of entry across that boundary
and cycling through the regions in the order they are input from that
point until the region containing the particle's location is found.

In many instances, it may not be feasible to obtain the optimum
arrangement of the order in which the regions should be input, but an
effort should always be made to cause the code to do as little search-

ing as possible,

Boundaries used in describing a region should not extend into

the region. That is, an area such as that depicted below should not
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be described as one region because boundaries e and d extend into the
region. The codes calculate the distances from a particle's location
inside a region to each boundary surrounding that region and assume
that the least positive distance is the distance to the outer edge of
the region measured along the direction the particle is moving. If a
boundary extends inside a region, it would be possible to move the
particle's location through this least positive distance and still
not have moved the particle to the outer edge of the region. The re-
gion depicted above should be divided into two regions so that the
boundaries surrounding either of the two regions would not extend
into the region being surrounded. One such region would be that
surrounded by boundaries a, f, e and b; the other region would be

that surrounded by boundaries e, d, ¢ and b.

Care should be taken to prevent a reflected region from appear-
ing in the described geometry. A reflected region is one which is
not described in the input but exists because the conditions required
for a particle to be in a region are satisfied for some region des-
cribed elsewhere in the configuration. The sketch below illustrates

an example of the situation.

1A 1

e e e e
I )
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If the above figure is rotated about the Z axis, region 1 will form
a cone which is the described region, and region 1A will form a cone
which is the reflected region. Any particles in the cone formed by
region 1A will satisfy the conditions that are required for a particle
to be in region 1. To avoid the description of a reflected region, an
additional boundary should be used in describing region 1. This bound-
ary need not border region 1 but should be placed between regions 1 and
1A so that all points in region 1 would lie on one side of the boundary
and points in region 1A would lie on the other side of the boundary.

Table XI shows the format to be used in preparing a library type 2.

TABLE XI
Library Two Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit
1 I10 LIBT Type of library to be read in =2
(LIBT = 2 for this library)
. _
2 1215 IBN(K,N) The nth boundary surrounding region KXK=1 & 3,

K (see NOTE below) NREG, K#2

MPR(K,N) The most probable region of entry
across the nth boundary from region K

* Reading order: ((IBN(K,N), MPR(K,N), N=1,NB(K)), K=1 & 3, NREG)

If Region K has fewer than seven boundaries, a second card
for that region is unnecessary. Two cards will be the maxi-
mum necessary for any region, since the maximum number of
boundaries encircling a region is nine. The maximum number
of regions for any one problem is 50.

NOTE: The boundary numbers must be given a sign that corre-
sponds to the sign of XR which is calculated as shown
in the text. )
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3.3.2.4 Library Five: A0l, A02 Codes

Library five is omitted if the value ISRCTP in the problem input
data is zero. Library five supplies information for up to 20 collision
points and is used in lieu of an input HISTORY or SORTED tape when
more control over input variables is desired for checkout purposes.

The collision parameters that are entered into the code through library
five should be sorted according to energy so that those sets of para-
meters for the energies in the first super—-group are read in first,
those in the second group next, and so on. The format to be used

when preparing a library type 5 data deck is shown in Table XII.

TABLE XII
Library Five Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit
1 I10,10X, LIBT Library type (LIBT = 5 for this
15 library)
ISRCRC Number of collisions for which <20
collision parameters are to be
read in
%*
2 6E10.0 X1 (K)
Y1 K) Coordinates of collision point
21(K)
AO0(K)
BO(K) Direction cosines of particle's
CO(K) direction before collision
%
3 3E10.0 EO(K) Particle's energy before collision
110
£10.8 A(K) Atomic weight of element with which
collision occurred
Wi1(K) Particle's weight
NR1(K) Region in which collision occurred
EX1(X) Excitation level of target nucleus

* Reading order: (X1(K), YL(K), Z1(K), AO(K), BO(K), CO(K), EO(K),
A(K), WL(K), NR1(K), EX1(K), K=1,ISRCRC)
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3.3.2,5 Library Six: HO1l, AOl, A02 Codes

A library six is required for each energy super-group for every
element. This library, for which the input format is given in Table n
XI1I, gives the total, scattering, and elastic cross sections for neu-
trons or the total, Compton'plus pair production, and Compton cross
sections for gamma rays for arbitrarily spaced energy points within
the energy super-group., Only the total neutron or gamma-ray Cross
sections are necessary for the A0l and A02 codes, but if a library
has been made up for the HOl code, it may be used "as is" in the input
for the AQl and AO2 codes. The range and spacing of the energy points
within a given energy super-group must be the same for the different
elements. The cross sections are listed first for the highest energy
of the group and then in descending order to the lowest energy of the

group.

Libraries type 6 may be loaded behind the problem input data in
any order, since the codes write the cross-section data on tape as it
is read in and then rearranges the data according to super-group after

all library data are read in.
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TABLE XIII
Library Six Input Data Format

(for Columns 1 through 62)

Input
Card Format Item Definition Limit

1 2110,215 LIBT Library type (LIBT = 6 for this =6
library)

K Number of energy points at which <100
cross sections are read in

J Element number (Elements are num—
bered in the order that their atomic
weights are listed in the problem
input data.)

L Energy super-group number (Energy
super-groups must be numbered begin-
ning with the group of highest energies
as Group 1 and increasing the group
number as the energies within the
groups decrease,)

2 4E10.0* ENERGY (M) Energy points (descending order) within
through a super-group at which cross sections
M+1 are defined. (These energies should be

the same for all library sixes for a
given super-group.)

™(J,M) Total microscopic cross section for ele-
ment J (M = 1 to K)

NRG = 0, neutron cross sections
NRG = 1, gamma-ray cross sections

]

d

SM(J,M) Microscopic scattering cross section
for element J (M = 1 to K)

NRG = 0, neutron scattering cross section
NRG 1, gamma-ray Compton plus pair
production cross section

[

ESM(J,M) Microscopic elastic cross section for
neutrons or Compton scattering cross
section for gammas for element J (M =1
to K)

* Reading order: (ENERGY(M), TM(J,M), SM(J,M), ESM(J,M), M=1,K)
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3.4 AQ2 Sample Problem

The AO2 sample problem given in this section was designed to cal-
culate the capture gamma-ray differential dose rate albedo for a con-
crete slab, The sample problem requires as input a history tape from
an HOl problem which generated capture gamma-ray histories using the
capture gamma-ray source tape produced by the S02 sample problem dis-
cussed in Volume II. The problem input and output data for the HOL
secondary gamma-ray problem, which was run to generate the input tape

for the A02 sample problem, are given in Tables XIV and XV.

3.4.1 A0Q2 Sample Input

The problem input data for the A02 sample problem are listed in
Table XVI. The AO2 sample problem also requires as input the libraries

one and two and all eight of the library sixes listed in Table XIV.

3.4.2 AQ2 Sample Qutput

The output from the A02 sample problem is listed in Table XVII,
The first three pages give the total curfent as a function of energy
and angle leaking from the concrete slab. The current leaking from
the slab for angles less than or equal to 90 degrees is the trans-
mitted current. The current leaking from the slab for angles greater
than 90° is the reflected current. Pages four and five of Table XVII
give the average total number of secondary gamma-ray track lengths in
each region as a function of energy. These track lengths may be con-
verted to flux by dividing by the volume of the region or, in this
case, where the reciprocity principle is applied to the results for

a normal incident line beam thermal-neutron source to predict the
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1,73540
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241240
2e844+0
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20¢977+0
30137+0
3,376+0
3,55+0
38540
4 ¢58+0
T 6240
16397+1
Ge244+41
27

4 o481
4482-1
5e42-1
5691=1
6e72-1
Te33-1
8e21-1
9e¢53=1
1,182+0
1¢3758+0
1.69040

1e4658-1
1671641
20111
2435-1
2.68-1
2e89-1
34171
3454~1
44071
botih-1
4,931
5¢17~1
5646=-1
5e61~-1
5¢78=1
5.97‘1
6018-1
6429-1
6.40—1
? 1
249741
3¢25=1
3482=-1
be22~1
4,87-1
5.37-1
6.06’1
Te09~1
848431
1021640
126740
1441040
150540
1473540
1.900+0
241240
244440
246640
249640
301040
342840
343740
344740
"3458+0
37140
347740
34R440
3 1
4o48=1
4482-1
5e42-1
54911
6-72’1
Te33=1
8.21-1
9453=1
1.182+0
1375840
1.6é0+0
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TABLE XIV. (continued)
9460-2
1,151-1
lebb4-1
1e716-1
2ell=1
2e35-1
2468~1
289-1
3417~1
2454~1
4¢0T7=1
4 44
4093~1
5.17-1
Se46-1
Seb61-1
54781
5¢97~1
6018-1
6e29-1
6e40-1

1.814‘1
2e26-1
3006=1
2,59~1
4e39-1
4497-1
5-76-1
6e91-1
8.78‘1

1.030+40

1426740

1:410+0

1460540

16735+0

1;900+O
21240
24440
2666+0
2496+0
3010+0
3628+0
3¢37+0
347+0
35840
3.714+0
36 77+0
348440

2e42-1
3402~1
4‘08‘1
4479-1
5¢86=-1
6eb53-1
T668-1
9¢21-1
1617140
1437340
1.690+0

HYDR060008
HYDR0O60009

HYDR060010
HYDR060011
HYDR060012
HYDR060013
HYDR060014
HYDR060015
HYDRO60016
HYDR0O60017
HYDR060018
HYDR060019
HYDR0O60020
HYDR060021
HYDR060022
HYDR060023
HYDR060024
HYDR060025
HYDR060026
HYDR060027
HYDR060028
CARB0O60001
CARB060002
CARB060003
CARB060004
CARB060005
CARB060006
CARB060007
CARB060008
CARB060009
'CARB060010
CARB060011
CARB060012
CARB060013
CARB060014
CARB060015
CARB060016
CARB060017
CARB060018
CARB060019
CARB060020
CARB060021
CARB060022
CARB060023
CARB060024
CARB060025
CARB060026
CARB060027
CARB060028
0XYG060001
0XYG060002
0XYG060003
OXYG060004
0XYG060005
OXYG060006
0XYG060007
0XYG060008
0XYG060009
0XYG060010
0XYG060011
0XYG060012

HO1
HO1

HO1
HO1
HO1
HO1
HO1
HO1
HO1
HO1
HO1
HO1
HO1
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAFRKFR
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER



8 0+8

2.31+o'

2e53+0
248340
342640
345740
4401140
L44294+0
@077+0
562240
61740
848740
2403441
4els6341
1511242
27
1.865+0
1.835+0
1.,850+40
1.888+0
200440
2:097+0
2:249+0
2¢50+0
3,n02+0
36448+0
462240
447140
543840
5¢8340
64240
Te2740
8480+0
106541
14586+1
241944+1
3e972+1
6018241
1e135642
20659442
8e7136+2
24022643
6¢3928+3
27
104640
1,061+0
112240
1.,180+0
1.,289+40
137640
1,505+0
1,71140
2¢085+0
24408840
2096+0
32940
367440
440540

444540

4499+0

5880+0

243140
245340
208340
302540
345540
369440
4e1440
4337*0
4o 49+0
44,6240
447840
449440
560340
561240
4 1
1,865+0
1.8354+0
1.,850+0

1.888+0

2.004+0
2097+0
2424940
2+5040
3.002+0
3e44840
442240
4,70+0
543540
547840
643340
740740
841340
8.87+0
98640
1e03441
1.092+1
1412241
1e156+1
119441
1.2364+1
1,758+1
1.280+41
5 1
104640
1.06140
1.122+0
1,180+40
1,289+0
1437640
1.,505+0
1.711+0
2,085+0
2.4088+0
249640
31,2940
3,7440
4,05+0
44,4340
4,95+0
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TABLE XIV (continued)

+
1588948
243140
2¢5340
2¢834+0
342540
3¢55+0
369440
4e14+0
4437+0
404940
446240
44,78+0
449440
50340
541240

6405~1
7¢55-1
1.020+0
1.198+0
146440
1.657+0
1.919+0
2030+0
209340
34340
4422+0
447040
5;35+0
5478+0
603340.
7.07+0
8¢13+0
88740
9486+0
103441
1.092+1
1412241
1415641
1e194+1
1e236+41.
14258+1
1.280+1

4423=1
Re28-1
Tell-1
8438-1
1,025+0
1.160+0
134340
1461140
240540
2¢40+0
2e96+0
3629+0
3e 7440
4405+0
404340
4495+0

OXY6068013 MAERKER

OXYG060014 MAERKER
0XYG0O60D015 MAERKER
OXYG060016 MAERKER
OXYGOA0017 MAERKER
OXYG060018 MAERKER
0XYG060019 MAERKER
OXYG060020 MAERKER
OXYG060021 MAERKER
OXYG060022 MAERKER
0OXYG060023 MAERKER
OXYG060024 MAERKER
OXYG060025 MAERKER
0XYG060026 MAERKER
OXYGO60027 MAERKER
0XYG060028 MAERKER
CALC060001 MAERKER
CALC060002 MAERKER
CALCD60003 MAERKER
CALCO60004 MAERKER
CALC060005 MAERKER.
CALCO60006 MAERKER
CALC060007 MAERKER
CALCQ60008 MAERKER
CALCO60009 MAERKER
CALC060010 MAERKER
CALCO60011 MAERKER
CALC060012 MAERKER
CALC060013 MAERKER
CALCO60D14 MAERKER
CALCO60015 MAERKER
CALCO6D016 MAERKER
CALCO60017 MAERKER
CALC060018 MAERKER
CALCO60019 MAERKER
CALC060020 MAERKER
CALC060021 MAERKER
CALCO60022 MAERKER
CALC060023 MAERKER
CALC060024 MAERKER
CALC060025 MAERKER
CALC060026 MAERKER
CALCO60027 MAERKER
CALC060028 MAERKER
SILI060001 MAERKER
SIL1I060002 MAERKER
SIL1060003 MAERKER
SIL1060004 MAERKER
SILT060005 MAERKER
SILTI060006 MAERKER
SILIN&0007 MAERKER
SILI060008 MAERKER
SIL1I060009 MAERKER
SILI060010 MAERKER
SILI060011 MAERKER
STILI060012 MAERKER
SILI060013 MAERKER
SILI060014 MAERKER
SILIO60015 MAERKER
SIL1060016 MAERKER
SILI060017 MAERKER



2,0-1  5.,8140
1e5~1 645040
1,0-1 840140
840=2 945440
6e0-2 143444]
540=2 1,815+1
4 ¢0=2 2:949+1
340-2 66276+1
2e0=2 24026542
145-2 4.788142
140-=2 158896+3
s 27
26041 Be22~1
14541 Bel4b-]
1.0+ 9el2-1
84040 9.70‘1
60040 1,07240
56040 1,153+0
4040 1.,27140
34040 l.45440
2040 1,783+0
J4540 20066440
1.040 205340
8e0~1 28240
640-1 32140
540=1 344740
4¢60-1 3.81+0
340-1 4026+0
2e0=1 449440
145-1 5 e46+0
1e0-1 beb44+0
ﬁ.O-Z 7031""0
6 40-2 9435+0
§,0:g' _1.183+1
Hal)=2 175441
340-2 3.436+1
2¢0=2 14071242
145=-2 2535542
1a0-2 Be5468+2
_ 6 27
2.041 20886+0
1e5+1 2479140
1041 2671640
B 404N 2472740
64040 2.813+0
54040 249040
44,0+0 3.06+0
3,040 343440
2,0+0 349340
1.54‘0 #.4924‘0
1.0+0 5652+0
84e0=1 64l16+0
6.0=1 7.06+0
5601 Te68+0
b4e0~1 845240
3e0-1 948540
20~1 142841
le5=1 1469341
1.0=1 3419241
8,0~2 S¢14441
600‘2 1.052+2

566940
602140
6490+0
Te2440
Te644+0
Te85+0
840940
B8436+0
Beb65+N
8,81+0
Be96+0
6 1
8022‘1
8e446~1
9412-1
9470-1
1.07240
115340
1627140
14465440
178340
24066440
245340
248240
342140
3.§7+0
3¢80+0
442440
448840
543240
569140
642040
6¢55+0
647340
6. Qll'+0
Te1640
Toet240
745540
Te68+0
7 1
288640
279140
2471640
272740
281340
249040
3,06+0
343440
349340
4449240
504940
- 641140
66,9640
Te5240
842340
9.19+0
1.057+1
1415341
1628241
134441
1242041
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TABLE XIV (continued)

8¢69+0
662140
69040
Te24+0
Te64+0
7.85+0
8409+0
Be36+0
Be65+0
8.81+0
8e96+0

3463~1
4053‘1
6el2-1
7619~-1
8478-1
9 e94~]
14152+0
1.381+0
1675740
20640
2453+0
28240
342140
364T+0
3.,80+0
442440
4+88+0
5e32+0
59140
6420+0
6e55+0
607340
669440
7:16+0
Te42+40
7655+0
Te68+0

7861
9.81-1
10326+0
1455740
1490340
2+15+0
2¢50+0
209940
348140
444640
5e49+0
641140
696+0
75240
842340
919+0
1,057+1
1,153+1
14282+1
1e364+]
1.420+1

S1L1060018

S1L1060019
SIL1060020

S1L1060021
SILI0N60022

SILI060023
SIL1060024
SILI060025
SILI060026
S1L1060027
S$1L1060028
MAGN060001

MAGN060002

MAGN060003
MAGNO60004
MAGNO60005
MAGND 60006
MAGN0O60007
MAGNDS&0O0OOS
MAGNOG&0O00Y
MAGN060010
MAGN0O60011
MAGNO60012
MAGN060013
MAGN060014
MAGN060015
MAGN060016
MAGN0O60017
MAGNO60018
MAGNO60019
MAGN060020
MAGNOS60021
MAGNO60022
MAGNO60023
MAGNO600.24
MAGNOG60025
MAGN060026
MAGNO60027
MAGN0 60028
IRONO6000O1
TRONOS60002
TRONO60003
IRONDS0OOOS
1RONOS00OS
TRONO60006
TRONO60DOT
IRONO60008
IRONO6000S
IRONO&0D10
IRON060011

IRONO60012

TRON060013

IRONOGOOTS

IROND60015

IRON0O60016"

IRONDO60017
IRONO600O1E
I1RON060019

TRONO60020°

IRONO60021
IRON060022

MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER

MAERKER

MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER

MAERKER

MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAFRKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER

"MAERKER

MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
MAERKER
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TABLE XIV (continued)
%:ggggi% %:g59+1 v%:gg%:% ¥RON060023 MAERKER

03+1 RON060034 MAERKER

70445242 1455241  14552+1 IRON060025 MAERKER
20396143 1,607+1  1,607+1 IRON060026 MAERKER
5e03964+3 - 1.635+1 1,635+ TRON060027 MAERKER
166517+4  1.666+1 1,664+ IRON060028 MAERKER
27 8 1 . ALUMO60001 MAERKER
9432~1 9432-1 34931 ALUMO60002 MAERKER
9450=1 9450~1 4490=1 ALUMO060003 MAERKER
1.01640  1,01640 60631 ALUM060004 MAERKER
1407340 1407340  7.78-1 ALUM060005 MAERKER
1417940 1417940  9452-1 ALUMN60ON6 MAERKER
1026340 1425340  1,077+0 ALUMO60007 MAERKER
1038740  1,387+0  1,247+0 ALUMO60008 MAERKER
1458240 1458240  1,496+0 ALUMO60009 MAERKER
1493340 1493340  1,903+0 ALUMO60010 MAERKER
20237640 24237640 242340 ALUMO60011 MAERKER
247540 2,7540 247540 ALUM060012 MAERKER
3406+0 3,06+0  3.06+0 ALUM060013 MAERKER
344840  3,48+0  3.48+0 ALUM060014 MAERKER
3,7640 347640  3,76+0 ALUMO060015 MAERKER
441340 441240 441240 ALUM060016 MAERKER
446240 46,6040 446040 ALUMO60017 MAERKER
5.3740  5,29+0 542940 ALUMO60018 MAERKER
549840 547740 547740 ALUMO60019 MAERKER
761940 644140 644140 ALUM060020 MAERKER
8433407 6,7240  6.7240 ALUMO60021 MAERKER
1el1+41 741040 701040 ALUM060022 MAERKER
1445941 7e2940 742940 ALUMO60023 MAERKER
2427141 745140 745140 ALUM060024 MAERKER
44676%1 707640 747640 ALUM060025 MAERKER
14490342 840340  8,03+0 ALUM060026 MAERKER
3.511842  B8,1840 841840 ALUMO&0027 MAERKER

161783243 ° 843240 843240 ALUMO060028 MAERKER
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TABLE XVI

AQ2 Sample Input Data

12 19 1 1.0-2 8 2 1 11 3 10 1 1660000001
HISTORY _LFAKAGE __ 1 50 46 11 0 0 1660000002
1,0-03 1660000003
167 e .0 1660000004
89145 : 1660000005
27 ; e - 1660000006
140N=1 2 0-1 5.0-1 7e5-1 ,1.0+o " 1eB84+0 1660000007
24040, 34040 _ _ 4¢5+0 64040 _B8s0+0 140+l 1660000008

00+0  1040+0 zo.o+o 304040  40e0+0  5040+0 1660000009
600040 T00+0 . 80e0+0 _ 90s0+0 _ 10040+0 1100+0 1660000010
120,040 130,040 140,040 1504040 160e0+0 1704040 1660600011

1806040 _.. 1660000012
1.0-2 2,041 ‘ 1660000013

— e e e . 1660000014
_ 1660000015
1008400 12,01400 . 16L0+0num50,Q§:99mn28o09+00 24432400 1660000016
55,85400 26498+00 , 1660000017
8450=03_ _2.02-02  3455-02  1,11-02  1.70-03  1.86-03 1660000018
1,93=04 5.56-04 1660000019
3 3 3 3 3 1660000020

1 1660000022

B AR e e

3
3 T T 1660000021
1

1

3
P SR : SIS SUUREIIUNUINE DU |
1 :

1660600023
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10-310809°0
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10-3026%€£°0

10-329095°0

10-301592°0

10-39€8Y%*0 20~39G0%€°Q

TI-32111E°0
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BE-300000°0 8E-300000°0 8€-300000°0 8E-300000°0 B8€-300000°0 8€-300000°0 BE€-300000°0 8€-300000°0 10 300008°0
T0-39€252°0 BE-300000°0 BE-300000°0 BE-300000°0 B8€-300000°0 2Z0-3E885G°0 BE-300000°0 8E-300000°0 10 300009°0
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secondary gamma-ray flux for a plane parallel source, the track lengths

should be divided by only the thickness of the region. Both the current
as a function of energy and angle and the fluxes as a function of region
and energy have been normalized to a unit current incident upon the slab

by dividing by the number of histories.
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3.5 A02 FORTRAN-IV Listings

A02 FLUX ANALYSIS CODE
THIS ROUTINE OVERLAYS THE LINKS OF THE AO2 ANALYSIS PROGRAN
TAPE ALLOCATIONS ''' TAPE NOe 1  HISTORY PARTICLE DATA
TAPE NOe 2  HISTORY PARTICLE DATA ( IF NEEDED )
TAPE NOs 3  PARTICLE LEAKAGE
TAPE NOe 4  PARTICLE LEAKAGE ( IF NEEDED )
v TAPE NOs 9  CROSS SECTIONS
COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(8s100)
COMMON "/JUNK/ As AO0(20)s AAL(20), AP12s ATy AT1(20)s ATWT(8))
‘Bs BO(20)s BA1(20)s C»>CO(20)s CAL(20)s CROSs» CRSS» DELCT,
DISTMs DSQDs Es EA1(20)» EO0(20)s ELOCUTs EGRP(20)s ESI(8))
ESUM(20)s EPRINT(21)s GPRINT(21)s ESPs GRAD(21)s H{2)» HE(2))
ICOLs IEINTV, IEMAX»s IEPMAXs IETAB(20)s IGINTVs IGPMAXs IHL»
IH2, IHTAPE, JLNOs ILAST, IPPMAX, IREGSCy J2NO»s JMs JTAPE,
JTAPELls JTAPE2y JAy JIs Ky Kls KESC2s KGRP(3920)9 KLMAXs KRECS
KSs KTAPEs L1ls L2s L3s LBJs LZs MATREG(50)s MHTAPE(2)s MIGHT(2),
MNOs NBLs NELs NGy NHTs NHISTs NOINT» NNs. NRs NR1(20)s NR2»
NR1AL(20)s NREC»> NUBs NLIBs NSGs PIDs Qs IQIDy Ss SUMSs T(50520)
COMMON TM(835100)s WEXP(20920) s WEXPAL(20)s WO(20)s X» X0(20)»

O @~V P WN R

1 X29 XAL(20)s Ys YO(20)s Y2s YAL(20)s Zs 20(20)s Z2s ZA1(20)>»
2 DN(10s8)s ISRCTPs ISRCRCs NMATs ETMs EMAX{20)s ILOCs TL(21)s
3 BEG(20)» LSO» ILOCUTs WEXPDs BEGGER(20520)s NTAPs JSENSEs
4 AW(20)s IXle MKREC(2)s INLIBR(L1)s INSUPR(20)s INELEM(8))

5 GSUM{20)s P(50520)

5 /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( T75)s XF( 75)s YF{ T75)»
6 IBN(50%9)s MPR(50s9)y NB(50)s EPSLs NBDs NREG

2 /CARDC/ ISs ISls ILs IL1ls FLIBs NPRINT(9)s MS$S

CALL ANALOZ2

CALL HEAT1

CALL RESULT

STOP

END
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SUBROUTINE PRINTS (IsL) ,

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100)

COMMON /JUNK/ Ay AO(20)s AAL(20)s APL2y ATy AT1(20)s ATWT(8)s

Bs BO(20)s BA1(20)s C» CO(20)s CAL(20)s CROS» CRSSs DELCTs
DISTMs DSQDs E» EAL(20)s EO0(20)s ELOCUTs EGRP(20)s ESI(8))
ESUM(20)sy EPRINT(21)s GPRINT(21)}s ESPy GRAD(21}s H(2)s HE(2)
ICOLs IEINTVs IEMAXs IEPMAXs IETAB(20)s IGINTVs IGPMAXs IHLs
IHZy IHTAPEs JINOs ILASTs IPPMAXs IREGSCs J2NOs JMs JTAPES
JTAPEls JTAPE2s JAs Jls Ks Kls KESC2s KGRP(3920)s KLMAXs KREC»
KSs, KTAPE» L1y L2» L3s LBJs LZs MATREG(50)s MHTAPE(2)s MIGHT(2)s
MNOs NB1ls NELs NGs NHTs NHISTs NOINTs NNs NRs NR1(20)y NR2s
NR1A1(20)s NRECs NUBs NLIB»s NSGs PIDs Qs 'IQIDs Ss SUMSs T(50520)

COMMON TM(85100)s WEXP(20520)s WEXPAL(20)s WO(20)s Xs XO(20)s

X2y XAL(20)s Ys YO(20)s Y25 YAL{20)s Zs Z0O(20)s 229 ZA1{20)»
DN({10s8)s ISRCTPy ISRCRCs NMATs ETMs EMAX(20),-ILOCH TL(21) s
BEG(20)s LSOs ILOCUT, WEXPDs BEGGER(20+20) » NTAP» JSENSE)»
AW(20)s IX1ly MKREC(2)s INLIBR(11l)s INSUPRTZO)’AINELEM(BY'
GSUM(20)s P(504920) . . o )
/GEOM1/ IBT( 75)s AF( 75)9 ZF( 75)s CF( 75)s XF( 75)s YF( T5)»
IBN(5099)s MPR(5099)s NB(50)s EPSLs NBDs NREG
/CARDC/ ISs IS1ls ILs IL1ly FLIBs NPRINT(9)s MS
CALL DUMP
RETURN

END



VoW PN

N OO U W N

1
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SUBROUTINE ANALOZ2

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100) .

COMMON /JUNK/ As AG(20)s AALI(20)s AP12s ATs AT1(20)s ATWT(8)»

Bs BO(20)s BA1(20)s Cs CO(20)s CAL1(20) 4 CROSs CRSSs DELCTs .
DISTMs DSQDs Es EA1(20)s EO(20)}s ELOCUTs EGRP(20)s ESI(8)»
ESUM{20)s EPRINT(21)s GPRINT(21)s ESPs GRAD(21)s H(2)s HE(2)s
ICOLs IEINTVs IEMAXs IEPMAXs IETAB(20)s IGINTVs IGPMAXs IHls
IHZ2s IHTAPEs JINOs ILAST,, IPPMAX,s IREGSCs J2NOs JMs JTAPESs
JTAPEls JTAPEZ2s JAs JIs Ky Kls KESC2s KGRP(3»20)» KLMAXs KRECs
KSs KTAPEs L1ls L2s L3s LBJs LZs MATREG(50)y MHTAPE(2)s MIGHT(2)s-
MNOs NBls NELs NGs NHTs NHISTs NOINTs NNs NRs NR1(201}s NR2s
NR1IA1(2071s NRECs NUBs NLIBs NSGs PIDs Qs IQID»s S» SUMSs T(50,20)

COMMON TM(84100)s WEXP{20520)s WEXPAL(20)s WO(20)s Xs X0{20)s

X2s XA1(20)s Ys YO(20)s. Y2s YAL(20)s Zs ZO0O(20}s 22s ZA1(20)
DN(10s8)s ISRCTPs ISRCRCs NMATs ETMs EMAX(20)s ILOCs TL(21)5¥
BEG(20)s LSOs ILOCUTy WEXPDs BEGGER(20320)s NTAPs JSENSE,
AW{20)s IX1ls MKREC(2)s INLIBR(11)s INSUPR(20)s INELEM(8}»
GSUM{20)y P(50920)
/GEOM1/ IBTH( 75)s AF( T75)s ZF( 7519 CF{ 75}s XF{ 75)s YF{ 75)>
IBN{50s9)s MPR(50+9)9 NB(50)s EPSLs NBDs NREG
/CARDC/ ISs ISls ILs IL1ls FLIBs NPRINT(9)s MS
READ (5 s5) IEPMAXs IGPMAXs LSO0s ELOCUT, NEL » NGs NH

Ts NREGy NUBs NLIBs NMATs PIDs NN1s IS1

30 FORMAT (12159 2XA4412914)
5 FORMAT(3159E10609715s2XA4512914)

20

40
50

60
70

80

85

25

88
89

1

LSO = LSO + 1

N1l=1

READ (5 s40)H(1)s H{2)s HE(1)s HE(2)s J2NOs NSGs IQIDs NHIST
s MKREC(1)s MKREC(2)s ISRCTP»s NTAPs NNs IS ’

FORMAT (1H o A65A391XA65A34815,6X12914)

IF (IS1=N1} 80y 50y 80
IF (IS=IS1=N1) 70s 609 70
IF (NN1=-NN) 70s 87 70

NM = NN + 100
Is = IS + 10000

WRITE (6985)PIDsNNsIS
CALL EXIT

NN1= NN1+ 100

1sl= 1S1+ 10000

WRITE (6585)PIDsNN1+IS1

CALL EXIT

FORMAT (35HODISCREPANCY IN leDe FIELD OF CARDs» A4s I2s 14)
READ (5 225)EPSLy NN1s IS51

FORMAT (1E10e4956X12914)

IF (NN = NN1} 80s 88, 80

IF (ISl =I5 = N1) 70s 89y 70

Is = Isl

0o0lo
0100

0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

1110

1120

1130
1140
1150
1160
1170
1190
1200
1210
1220
1230



1000

1010
1020
1070
1085

109¢C
1199

1110

1120
1132

1131

1132
1133

1134

1135
1136
1137
1140
90
91
S5
96

97
99

101
1189

102
103

e

110

114

115

READ (5 s1000) (MHTAPE(I)s I=192 }9+sJSENSE» NNLls ISl
FORMAT (3110s 36XI2s14 )

IF {IS1=IS-N1) 80s 1010, 80

IF (NNM1-=NN} 80s 1020, 80

Is = ISl

IF (NHTY 90s 90s 1085

DO 1140 IXZ = 14NHT

READ (5 995 ) (BEGGERIIXZsIP)s IP=196)s NN1ls ISl
IF (IS1=-15-N1) 80s 1090, 80

IF (NN1=NN) ’ 80s 1100y 80

Is = ISl

IF (NSG =~ 6} 1140y 1140, 1110

READ (5 995) (BEGGER{IXZsIP)s IP=7s12)9 NN1ls ISl
IF (IS1=1S=N1) 80y 1120, 80

IF (AMI=NN) 80y 1130s 80

Is = Is1

IF (MN5G=12) 11405 1140 1131

READ (5 »95) (BEGGER(IXZsIP)s IP=13418)» NNIyIS1
IF (IS1-15-N1) 80y 1132, 80

IF (NN1-=-NY) 80s 11335 80

IS = ISl

IF (NSG=18) 1140s 1140y 1134

READ (5 s1137)BEGGER({IXZ+19) 9 BEGGER(IXZ920)sNN1sIS1
IF (IS1l-1S5=n1) 80s 1135, 80O

IF (NNI=NN) 80s 11364 80

Is = IS1

FORMAT (2E10e0s45X12914)

CONTINUE

READ (5 s9LI(IETAB(I)s I=1912)9 NNIls IS1

FORMAT (1215, 6XI12s14)
FORMAT (6E10e0956X12s14)

FORMAT (4E1040+26X12514)
CALL SLITE (0)

IF (IS1=15=N1) 80s 979 80

IF (hN1=nY) 80s 99, 80

Is=Isl

IF (45G~-12) 110s 110y 101

READ (5 s108N0Y(IETAB(I)s I=13+920)9s NN1ls IS1
FORMAT (815, 26XI12s 14)

IF (IS1=15=N1) 80s 1025 80

IF (aN1=NM) 80s 103, 80

Is=181

CALL AMGRED (IEPYAXsISsISLeNNsMNLIy EPRINT(1})
CALL SLITET{1,K000FX)
GO TO(80s112)sKINOFX

2 CALL ANGRED (IGP¥AXsISsIS1sNNsNNLs GPRINT(1))

CALL SLITET(1,KO0DFX)
GO TO(805114)9KINOFX
Inib= IQID+10NN20

124

1260
1270
1280
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600

1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770



126

128
C

116

IcoL=0

JTAPEL1=0
JTAPEZ2=1
KREC =0

J2NO = JZNO + 100090

Do 126 I=1y IGPMAX

GRADI(I) = COS(GPRINT(I)*40174533)
DO 128 I = 19 NHT

MIGHT({I) = MHTAPE(I)

C CARDS Al30 THRU A304 WERE REPRODUCED FROM CODE HOly MAIN PROGRAM

130

140

142
144

146
150
160

162
170
164

175
180

182
135
190

192

JZ=NSG/4 .
K1=NSG=bt¥JZ

K2=0

K3=0

K4=0

K5=0

I1F{J2Z) 160s 160s 140
DO 150 I[=14J2

K2 = K541
K3 = K2+1
K4 = K3+1
X5 = K4+1
READ (5
JACK=4

IF {NN=NN1) 705 142, 70
IF (IS=IS1=N1) 70y 144, 70
READ (5 396 ) LEGRP (M) sEMAX (M) »
JACK=5

IF (NN=NNT) 80y 146, 80
1IF (IS1=-1S=N1) 80s 150, 80
CONTINUE

K2=K5+1

IF(K1) 1955 1955 162
GO TO (170s 180s 180)s K1

notonon

996 (EGRP (M) s EMAX (M) »

READ (5 s164)EGRP(K2) sEMAXIK2) »
FORMAT (2E10eb4s 46X 12+14)

JACK= 6

IF (NN=NN1) 70s 1755 70
IF (1S=151=N1) 70y 195, 70
READ (5

JACK=7

IF (MM~=NN1) 705. 182, 70
IF (IS=1S1=-n1) 70s 1855 70
IF {K1=2) 195, 195 190
READ (5 s 164 )EGRP{K2+2)9EMAX(K2+2) s
JACK=8

IF (NN=RN1) 80s 192, 80
IF (1S1=15=N1) 80s 195, 80

M=K29K3) sNNs IS

MaK49K5) sNN1»IS1

NNsIS

996)EGRP(K2)yEMAX(KZ)oEGRP(K2+1)’EMAX(K2+1)9NN,IS

NN»ISL

780
1790
1800
1810

1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2200
2210
2220
2230
2240
2250
2260
2270



155
197

BOTe

205
210
212
215

220
225
230

235
240
245

250
255
260

265
270
275

280
295
300

305

310

117

IF (181-15) 1979« 197s 200
181=15%

READ (5 395V (EST(I)s I=146)9 NMs IS
JACK =9

IF {(MN=ANT) T70s 205, 70

IF (IS-1S1=N1} 70s 210+ 70

IF (MEL=6) 23Cy 230s 215
FORMAT (2E1Q0e44s 46X, 12+14)

READ (5 2212)VESI(7)s ESI{8)s NNly ISl
JACK=10

IF (NN=NY1) 80s 220 80

IF (IS1=15=N1) 8Cs 225, 80

1s=1s51

READ (5 995) (ATWT(I)sI=146)s NN1,y IS1
JACK=11

IF (NM=NMNT Y 80s 235, 80

IF (IS1~-15=nN1) 80s 240y 80

IF (NEL-6) 260y 260y 245

READ (5 s212VATHTLT) sATWTIB) sNN ¢ IS
JACK=12

IF (Mn=NN1) 70y 250, 70

IF (1S=1S1=N1) T0Os 2554 70

1S51=1S

DO 30N I=1sNMAT

READ (5 2951 (NDMNITIsJd)sd=196) NN o IS
JACK=13

IF (MN=NN1) Ty 2659 70

IF (I15=1S51=N1) 70y 270Dy T0

IF (NEL=6) 295y 295y 275

READ {5 9212)DN(Ts7)sDN{1+8)sriNly IS1
JACK=14

IF (Mm=riND) 80y 280, 30

IF (IS1=IS=-N1) &0 3009 B8O

I151=18

CONTINUE

11=NREG/12

®¥1=3

K2=0

€ 3=0

¥ i=()

IF(ID) 350y 3509 305
D0 329 I=1.11

“1=K&4+1

LZ2=K1+b

X3=K2+1

K 4=K3+5

READ (5 2310)INB(J) s J=Kls KZ2)s NNs IS
FORMAT (6110, 6% 12514)
JACK=15

2280
2290
2300

231U
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
26710
2680
269U
2700
2710
2720
2730
2740
2750
2760



315
320

325
329
330
331
332
333

334
350

352
360
362
363
370
380

381
382

390
392
400
402

410

415

420
425
430

118

IF (NN=NN1) 70y 3154-70

IF (IS=]S1=N1) 70s 320s 70

READ (5 3310) (NB(J)s J=K3s K&)s NNI»ISI1
JACK=16

IF (NN=NN1) 80y 325, 80

IF (IS1=15=N1) 80s 3294 80
CONTINUE

GO TO 350

IF (1S81=15=N1) 809 331y 80

IF- {NN=NN1) 80s¢ 332, 80

GO TO (420+4159434944034469452:458946494T094769500)» 1LOC
IF (IS8=1S1~N1) T70s 3344 70

IF (NN=NN1) 70 332y 70Q

Kl=K&44+1

I1=NREG=12%]1

IF (I1) 4209 4209 352

GO TO(360937O,380,390o4OOo410s410o410941094;0o410)oIl
READ (5 $362INB(K1)s NNs IS

FORMAT (I10» 56X I12+14)

JACK=17

I1L0C=1

GO TO 333

READ- (5 s381INB(KL1)sNB{K1+1)s NNs» IS
GO TO 363

K2=K1+2

READ (5 $382)(NB(J)s J=K1sK2)s NNs IS
FORMAT (2110 46X 12914)

FORMAT (31109 36X 12+14)

GO TO 363

K2=Kl+3 ,
‘READ (5 93921 {NB(J)s J=K1sK2)s NNs IS
FORMAT (4110 26X 12+14)

GO TO 363

K2=K1+4

READ (5 s402)(INB(J) s J=KLleK2)s NNs IS
FORMAT (5110 16X 12s14)

GD TO 363

K2=K1+5

READ (5 $310) (NB(J)sJ=KlsK2)s NN» IS
JACK=18

ILOC=2

GO TO 333

Kl=K2+1

1S1=1s

I11=11=6

IF(I1) 4209 4209 352

IF (IS=]S1) 4259 4309 430
18=151

READ (5 9310) (MATREG(I)sI= 196)s NNl s IS1
JACK=19

2770

2780

2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260



L3y
4136

L
Ly 2

446
448

457
454

458
460

464
466

470
472

475
478
479

500

“al =
1

510

1L0C=3

GO TO 330
IF(NREG=6)
READ {5
I1LOC=4

GO TO 333
IF{(NREG=12)
READ (5
ILoC=5

GD TO 330
IF{MREG=18)
READ (5
[LOC=6

GO TO 333
IF(NREG=24)
READ (5
1L0C=7

GO TO 330
IFINMREG=30)
READ (5
1L0C=3

GO TO 333
IF{NREG=36)
READ {5
IL0C=2

GO TO 339
IF(NREG=42)
READ (5
IL0C=10

5D T 3233
IF(MREG=48)
READ (5

FORZAT (2110,

ILoC=11

GO TO 339
IF (IS=Is1)
I5=151

IH1
IH2

CALL LIBRED

RETURN
ErD

YHTAPE
YHTAPE (NHT) +10000

119

500 5009 436
9310){MATREG(I)sI= T7»12)s NN s IS

500s 5009 442
9310V (MATREG(I)9I=13918)sNNL » IS51

>

500s 500 448
9310) (MATREG(I)+I=19524)y NN » IS

5009 5009 454
9310) (MATREG(I)eI=25+30)sNN1 » IS1

500s 5009 460
$310) (MATREG(I)9I=3193619 NN » IS

500s 5009 466
2310 (MATREG(I) 9I=37+42)sNN1 » ISL

5009 5009 472
$310) (MATREG(T)sI=43+48)9 NN » IS

500s 500y 478
s 4TIOIMATREG(49) yMATREG(50) s NiNls IS1
46X 12s14)

505, 505s 510

(1) + 10000

3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
369V
3700



120

C SUBROUTINE CRSWRT IN AMALYSIS CODE AQZ2.

C

SUBROUTINE CRSWRT

CMiON /CROSS/ DUM(901)

WRITE (9 ) (DUMIN)Y sN=1s 901}
RETURYN

END

SUBUO1O
SUB0020
5UB008O

SUBO130
SUBO140



C suB

C

10

12
14
16
18

20

40
41
42
A

121

ROUTINE LIBRED IN ANALYSIS CODE A02.
SUBROUTINE LIBRED

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(8s100)

COMMON /ZJUNK/ As AO(20)s AA1(20)s AP12s AT AT1(20)s ATWT(8)
Bs BO(20)s BAL(20)s C» CO(20)s CAL(20)s CROSs CRSSs DELCT»
DISTMs DSQDs Es EAL(20)s EO(20)s ELOCUTs EGRP(20)s ESI(8))
ESUM(20)s EPRINT(21)s GPRINT(21)s ESPs GRAD(21): H{2¥s HE{2)»
ICOLy IEINTVs IEMAXs IEPMAXs IETAB(20)s IGINTVs IGPMAXs IH1)»
IHZ2 s IHTAPE, .J1NOs ILASTs IPPMAXs IREGSCs J2NOs JMs JTAPES .
JTAPEls JUTAPEZ2s JAs JIs K» Kls KESC2y KGRP(3920)s KLMAXs KRECH»

MNOs NBls NELs NGy NHTs_NHISTs NOINTs NNs NRs NR1(20}s NR2s

O 00 = O U P W N

COMMON TM(85100)s WEXP(20s20)s WEXPAL(20)s WO(20)}s Xs X0(20)»

1 X2s XA1{20)s Y» YO(20)s Y2s YAL(20)s Zs.20(20)s 229 ZAl(20))»
2 DN(10s8)y ISRCTP, ISRCRCs NMATs ETM, EMAX(20)s ILOCy TL(21)s
3 BEG(20)s LSO» ILOCUTs WEXPDs BEGGER(20s20)s NTAPs JSENSEs

4 AW(20)s IXls MKREC(Z2)» INLIBR(11)s INSUPR(20)s INELEM{(8)s

5 GSUM(20)s P(50+20) ’ '

5 /GEQOM1/ - IBT( 75)s AF( 75)s ZF( 75)s CF( 75)s XF( 75)s YF( 751}
6 IBN(50+9)s MPR(50+9)s NB(50)s EPSLs NBDs NREG '
2 /CARDC/ -ISs ISls ILs ILls FLIBs NPRINT(9)s MS

L1IREC = O

NRG = NG

s = 1

NLIBC=2

DO 2 L=1s2

INLIBR(L)=1

DO 4 L=3,11
INLIBR(L)=O

DO 6 L=1:20
INSUPR(L) =0

DO 8 L=1,8

INELEM{L)=0

IF (ISRCTP}

INLIBR(5)=1
NLIBC=NLIBC+1

IF (NTAP)

DO 40 M=1,NSG
INLIBR(IE)=INLIBR(6)}+NEL
INSUPR{M) = INSUPR (M) +NEL
DO 20 L=1sNEL
INELEM{L)=INELEM(L)+1
MLIBC = NLIBC + NEL
COMTINUE

IF (NLIBC=NLIB) 429180942
WRITE (6+44)NLIBCs NLIB

FORMAT ( 11HOTHERE ARE s 15, 36H LIBRARIES REQUIRED IN THIS PROBLE

1Me/1H s 15 38H LIBRARIES WERE SUPPLIED. IN: THE INPUTs )

KSs KTAPEs Ll L2 L3s LBJs LZs MATREG(50})s MHTAPE(2)s MIGHT(2)»

NR1A1(20)s NRECs NUBs NLIBs NSGs PIDs Qs IQID» S» SUMSs T(50:20)

5UB0010
SUB0020
SuUB0030

SUBOS0C
SUBC910
SUB0920
SUB0930
SUB0940
SUB0950
SUB0960.
SUB0970
SUB098BO
SUB0990
SUB100O
SUB1D10
SUBL020
SUB1030
SUB1040
SUBL050
SUB1060
SUBL070
SUB1080
5UB1090
SUB1100
SUBL11l0
SUB1120
SUB1130
SUB1140
SUB1150



122

WRITE (6946)

46 FORMAT (89HOTHE FOLLOWING LIST OF LIBRARY PARAMETER WILL HELP DETE

IRMINE WHICH (IBRARIES ARE MISSINGe )
GO TO.581
110 FORMAT (211044155 22X A4s 125 14)
120 FORMAT (14HOLIBRARY DECK A4s 12y 13H IS IN ERROR4)
130 IL = IL + 100 S
WRITE (69120)FLIBs IL
140 CALL EXIT
150 IL=IL + 100
I1S=1S + 10000 _
160 FORMAT (35HODISCREPANCY IN IeDe FIELD OF CARD s A4s 12y 14)
WRITE (69160)FLIBy ILs IS
GO TO 140
170 IL = IL1
1s = Is1
GO TO 150

180 REWIND 9
L4REC = 1 + NSG

REWIND '3
CALL SLITE (00
L1IREC = O
200" READ (5 s110)LIBTs Is Js Ks nNs Nls FLIBs IL9IS
IF (15=MS) 1509 210y 150
210 IF (LIBT) 130y 130y 220
220 IF (LIBT= 11) 230s 230y 130

230 GO TO (240+2805360936053015310+360+360536053609360)sLIBT
240 NBD=1
CALL LIB1
INLIBRILIBT)=INLIBR(LIBT)=1
250 NLIB=NLIB=1
CALL SLITET(1,KO0QOFX)
GO TO(1509260) sKOOOFX
260 CALL SLITET(2+KOOOFX)
GO TO(170s270)sKO0OFX
270 IF (NLIB) 565y 565» 200
280 CALL LIB2 ,
INLIBR(LIBT)=INLIBR(LIBT)~1
GO TO 250
301 ISRCRC = J
DO 306 L=1sJ

READ (5 9302)X0(L)sYO(L)sZO(L) »AO(L)»BO(L)s CO(LI>
1181
302 FORMAT(6E10e4s 6X [2514)
IF (IL1l=-IL) 130s 303s 130
303 IF (1S1=15-Ms) 170s 304y 170
304 READ (5 $307)EO(L) s AW(L) sWO (L) sNRI(L) sEXXXXXsILsIS
IF (IL1-IL) 130y 305, 130
305 IF (I1S=1S1-MS) 150, 3069 150

ILL

SUB1160
SUB1170
SUB1180
SUB1190
SUB1200
SUB1210
SUB1220
SUB1230
SUB1240
SUB1250
SUB1260
SUB1270
SUB1280

SUB1290

SUB1300
SUB1310
SUB1320
SUB1330
SUBL340
SUB1350

SUBL1370
SUB1380
SUB1390
SUB1400
SUB1410
SUB1420
SUB1430
SUB1440
SUB1450
S5UBL&60
SUB1470
SUB1480
SUB1490
SUB1500
SUBL510
SUB1520
SUB1530
SUB1540
SUBL550
SUB1620
SUB1630
SUB1640
SUB1650
SUB1660
SUB1670
SUB1680
SUB1690
SUB1700
SUB1710



306
307

310
320
330

340
350

355

357

CONTINUE

FORMAT (3E10e¢4s 1109 E1Oe4y 16X 12y 14)

NL IB=NLIB=1

123

INLIBR(LIBT)=INLIBR(LIBT)=~1

GO TO 270

DO 350 L=1s1
READ (5

IF (IL1-IL}
IF (IS1=1S=MS)
Is=151

CONTINUE

WRITE ( 3 JLIBT,
L11REC = t11REC + 1
WRITE ( 3

LIBRARY TYPE . 6

I12s14)
130y 3309 130
1705 340y 170

Is Js» Ks Ns N1

) (ENERGY (L) s TM(JsL)sl=1s1)

INLIBR(LIBT)=INLIBR(LIBT)~1
INSUPRI(K)=INSUPR(K)=1
INELEM{J)=INELEM(J) -1

L11REC = LI1REC + 1
NLIB=NLIB-1
GO TO 270

LIBRARY TYPES 3y 45 7o

360
370

565

567

569

571

575

580 FORMAT (49HOTHE TOTAL NUMBER OF INPUT LIBRARIES WAS CORRECT./
THE NUMBER OF ELEMENTS AND/OR SUPERGROUPS 1S INCORRE

581
582
584
586
588

59C

1 65H HOWEVER)
2CTs)

WRITE (64370)LIBT
FORMAT (13HOLIBRARY
CALL EXIT

DO 567 L=1s11
IF(INLIBR(L))
CONTINUE

DO 569 L=1sNSG
IF({INSUPRIL))
CONTINUE

DO 571 L=LlsNEL
IFCINELEM(L))Y
CONTINUE

GO TO 600

WRITE (64+580)

WRITE (64582)
FORMAT (40H1 L

8y 9

INSUPRI(L)

TYPEs13522H WAS INPUT BY MISTAKEs)

575y 567y 575
575% 569s 575

5759 571s 575

INLIBR(L)

FORMAT(1H sI3s18s2112)

DO 586 L=1,8

10 AND 11 ARE NOT

s320)1ENERGY (L) s TM(JsL} aIL1s1S1
FORMAT ( 2E10e4946X,

INELEMILY)

WRITE (69584)Ls INSUPRIL) »INLIBRIL} s INELEM(L)

DO 588 L=9,s11

WRITE (69584)Ls INSUPR(L) s INLIBRI(L)

DG 590 L=124,20

URITF (6+584)Ls INSUPRI(L)

CALL EXIT

NEEDED IN THIS CODE

SUB1720
SUB1730
SUB1740
SUB1750
SUB1760
SUB1770
SUB1780
SUB1790

SuB18
SUB1810
SUB1820
SUB1830
SUB1840
SUB1850
SUB1860

SUBL1880
SUB1890
SUB1900
SUB1910
SUB1920
SUBl1930

S5UB1950
5UBl960
SUBL970
SuUB2070
SUB2080
SuUB2090
SUB2100
SUBZ2110
5UB2120

SUB2130

SUBZ140
SUB2150
SUB2160
SUB2170
SUB2180
SUB2190
SUB2200
sSUB2210
SUB2220
s5UB2230
SUB2240
SUB2250
SUB2260

§UB2270

sSuUB2280
SUB2290
SUB2300



600
602

610
620

630,

640
650

660

720

740
750
760
770
800

810
1

815

820
1
2
3

850

855

870 FORMAT(34H1CROSS SECTION TAPE LABELED CROSS 14;65H WAS USED IN THI
1S PROBLEM AND CONTAINS THE FOLLOWING INFORMATIONs)

1000

124

IF (NTAP) 8555 6029 855
DO 800 M=1sNSG | )
WRITE ALL CROSS SECTIONS ON TAPE 3

REWIND 3

L=0

L=bL+2

READ ( 3 JLIBTs Is Js Ks Ns N1

IF (M=K) 640s 6309 640

LT = LIBT=5 .

GO TO (66093605360936053605360)9 LT

READ (3 )

IF (L=-L11REC) 610s 720s 720
LIBRARY TYPE 6

READ ( 3 ) (ENERGY(L1) s TM(JsL1dsLl = 1s1)

NENEGY = I

GO TO 650

CALCULATE MACROSCOPIC CROSS~SECTIONS

DO 760 M1=1sNMAT

DO 750 M2=1,NENEGY
TCS(MLsM2)=040

DO 740 M3=1,NEL
TCS(M1sM2)=TCS(ML4M2) + THM (M3,M2)%¥DN(M1,M3)
CONT INUE ‘
CONTINUE

CONTINUE

CALL CRSWRT

CONTINUE

REWIND 9

FORMAT( 34H1CROSS SECTION TAPE LABELED CROSS I4s54H WAS GENERATED

AND CONTAINS THE FOLLOWING INFORMATIONe)
WRITE (64+810)1IQID
WRITE (63820} L4RECHINREGsNEL s NMAT s NSGeNRG

FORMAT(1H sI5433H = NUMBER OF RECORDS ON THIS TAPE/16520H
NUMBER OF MATERIA
LS/716+24H = NUMBER QF SUPERGROUPS/16+40H = NEUTRONSs GAMMAS»

OF REGIONS/16s21H = NUMBER OF ELEMENTS/I16922H =

CONDARY GAMMAS)
REWIND 9

GO0 TO 1000

WRITE (6+870)1QID

GO TO 815
RETURN
END

SuUB2310
SuB2320
5UB2330

SUB2350
SUB2360
5UB2370
SUB2380
SUB2390
5UB2400

5UB2420
SUB2430

SUB244
SUB2450
SUB2460
SUB2470
SUB2480
SUB2490
SUB2500
SUB2510
SUB2520
SUB2530
SUB2540
SUB2550
SUB2560
SUB2570

SUB2590
5UB2600
SUB2610
5UB2620
SUBZ2630
SUB2640
SUB2650C
SUB2660

SUB2680
SUB2690
SUB2700
SUB2710
SUB2720
SUB2730
SUB2740
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C SUBROUTINE ANGRED IN ANALYSIS CODE AOl. SUBOO1C
SUBROUTINE ANGRED (Js ISsIS1sNNsNN1sA) SuUB0020
DIMENSION A(21) ' SuUBO030
Nl =1 SUB0100
READ (5 910) (A(I)sI=1961s NN1s [S1 SUBO110

10 FORMAT (6E10409 6X 12 14} SUBO120
IF (IS1=15=N1) 30y 20y 30 sUBO130
20 1F (NN1=NN) 30s 40s 30 SuUB0140
30 CALL SLITE (1) SUBO150
GO TO 150 d SUBO160
40 1S = 181 SUBO170
IF (J=6) 15051504 50 5UBQ180
50 READ (5 210V {A(T)YsI=Ts12)s NNL1,IS1 SUBO190
IF (IS1-15=NK1) 309 605 30 SUB0200
60 IF (NN1=NN) 30s 709 30 SUB0210
7¢ 1S = 181 SUB0220
IF (J=12) 150+ 150s 80 S5UB0230
80 READ (5 510V (A(T)sI=13,18)9NN1sIS1 SUBQZ40
IF(1S81=-15-N1) 30y 90 s 30 SUB0250
90 IF(NM1I=NN) 30s 100 30 suB0260
100 1s= 151 SUBO270
IF(J=18) 150, 150y 110 SUBO280
110 REAC (5 9120)(A(I)s I=19+21)9 NN1ls [S1 SUB0290
12C FORYAT (3E10e0s 36X 12y I4) SUBO300
IF (151=15=N1) 30s 130, 30 SUBO310
130 IF (NM1-AN) 30s 140, 30 SUB0320
140 15=1s1 SUBO0330
150 RETURN 5UB0340

END S5UB0O350



10
20

30
50

60

70
75

100

110
200
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SUBROUTINE LIB1

SUBROUTINE LIB1 IN HISTORY GENERATION CODE

COMMON /GEOM1/ IBT( 75)s AF{ 75)s ZF( 75)s CF( 75} s XF( 75)»
1 YF( 75)s IBN(50s9)s MPR(5059)s NB(50)s EPSLs NBDs» NREG

2 /CARDC/ 1Ss IS1s ILs IL1y FLIBs NPRINT(9) s S

I1 = NBD/2

12 = NBD=2%11
K1 = 0

K2 = 0

DO 50 I=1,11
Kl = K2+1

K2 = K1+l

READ (5975) IBT(K1)s AF(K1)s ZF{K1)sCF(K1)s XF(K1)s YF(K1}s IL1»
i1s81

IF (IL=-IL1) 100s 10 100

IF (IS1=~]S=MS) 100, 20, 100

READ (5575) IBT(K2)s AF(K2)s ZF(K2)sCF(K2)s XF(K2)s YF(K2)s ILsIS
IF (IL1-IL) 110s 30, 110

IF (1S=1S1=%85) 110, 50, 110

CONTINUE

IF(I2) 200s 2005 60

K1l = x2+1

READ {5975) IBT(K1)sAF(K1)sZF(K1)sCF(KL)»XF(K1)sYF(K1)sIL1sIS1
IF (IL-IL1) 100s 70 100

IF (IS1=15=MS) 100y 200s 100

FORMAT (11095E106e496XI2914)
CALL SLITE (1)

GO TO 200

CALL SLITE (29

RETURN

END

Qoly

0240
0250
0260
0279
0280
0290
0340
0310

0330
0340

0360
0370
0380
0390
0400

0420
0430

0450
0460
0470
0480

0490
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20
30
40
45

50
70
80

100

105
110

120
130
140

145
160
200
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SUBROUTINE LIB2
SUBROUTINE LIB2 IN HISTORY GENERATION CODE

COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF({ 75)9 XF( 75}
1 YFU 75)s IBN(5099)s MPR{50s9)s NB(50)s EPSLs NBDs NREG

3 sCARDC/ 1Ss IS1ls ILs ILLls FLIBs NPRINT(9)s MS

READ (5 $10) (IBN(TsJ)sMPR(1sJ)sJ=1s6)s IL1y» IS1
FORMAT (1215 6X 12s14) , '
IF (IL-IL1) 80s 20s 80

IF (IS1-15-MS) 80s 30s 80

IF(NB(1)=6) 100, 100s 40 ,
READ (5 245) (IBN(1sJ)sMPR(19J)»J=T759)s ILs IS
FORMAT (6155 36X [2514)

IF (IL=IL1lY 705 509 70

IF (15=-1S1=MS) 7051005 70

CALL SLITE (1)

CALL SLITE (2)

GO TO 200

DO 160 I=3sNREG

IF (IS1-1S) 110s 110s 105

1s= 1S1

READ (5 210) (IBN(IsJ)sMPR(IsJ)pJ=1s6)s ILL1s IS1
IF (IL=ILD) 80s 120s 80

IF (151=-15=MS) 80y 130 80

IF(NB(I)=6) 160y 1609 140

READ (5 s45) (IBN(I9sJ)sMPR(I»J)»J=T7»9)s ILs IS
IF (IL=IL1) 70s 1455 70

IF (I1S=1S1=MS) 70s 160s 70

CONTINUE

RETURN

END

0020
0010
0030

0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
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SUBROUTINE HEAT1 . 00190
C ROUTINE HEAT1 IN ANALYSIS CODE AQ2. 0020
COMMON /CROSS/ NENEGYs ENERGY(100}s TCS5(85100)
COMMON /JUNK/ As AO(20)s AAL(20)s AP123s ATs AT1(20)s ATWT(8))»
By BN{20)s BA1{20)s Cs CO(20)s CA1{20)s CROS» CRSSs DELCT»
DIST4s DSQADy Es EAL(20)s EO(20)s ELOCUTs EGRP(20) s ESI(8)
ESUM(20)s EPRINT(21)s GPRINT(21)s ESPs GRAD(Z21)s H(Z2)s HE(Z2)»
ICOLsy IEINTVs IEMAXs IEPMAXs IETAB({20)s IGINTVs IGPMAXs IHLly
IH2s IHTAPEs JINOs ILASTs IPPMAXs IREGSCs JZ2NOs JMs JTAPES
JTAPELls JUTAPE2s JAs JIs Ky Kls KESC2s KGRP{3520)s KLMAXs KRECS
¥Ss KTAPEs LL1s L2s L3s LBJs 1.Zs MATREG(50) s MHTAPE(2)s MIGHT(2) s
M0y MB1ls MNELs NGs NHTe NHISTs NOINTs MNNs MRs NR1I(20)s NR2»
) NRIAL(20)s NRECs NUBs NLIRs NSGs PIDs Qs IQIDs Ss SUMSs T(50520)
COMMON TM(85100)s WEXP(20420) s WEXPAL(I20)s WO(20)s Xs X0(20)s
X29 XAL(20)s Ys YOI{20)s Y29 YAL(2C)s Z» ZO(ZO)@VZZQ ZA1(20) s
DM{10s8) s ISRCTPs ISRCRCs NMATs ETMs EMAX(20)s ILOCs TL{21)>»
BEG(20)s LSOs ILOCUTs WEXPDs BEGGER(20s20)s NTAPs JUSENSES
Ad{20)s IX1s MKREC(2)s INLIBR{11), IMSUPR{20)s INELEM(B)s
GSUM(20) s P(5BN420)
/GEOM1/ IRT( 75)s AF( 75)s ZF( 75)s CF({ 75)e XF( 75)s YF( 75)
IBN(50+9)s MPR(5049)9 KB(50)s EPSLsy NBDs NREG
JCARDC/ ISs IS1s ILs IL1s FLIBs NPRINT(9)s MS
C 0860
TL(1) = 0.0
DO 5 NOE = 1y 20
TL{ NOE+1 ) = 00
DO 5 MOA = 1y 20
WEXP{ NOAs NOF ) = 040
DO 5 NOR = 14 50
5 T( NORs NOE ) = D60

WO WN -

NV WwN -

1F {ISRCTP) 309 30, 10 0870
10 CALL CRSRED 0880
Ml = 1 0890
DO 20 ¥LP= 14ISRCRC 0900
IF (EQ(KLP)=EGRP(M1)) 15 155 19 0910
15 M1 = ~1 + 1 0920
CALL CRSRED 0930
19 CALL HEAT2 (KLPsM1) 0940
20 CONTINUE 0950
GO TO 1000 0960
¢ mee—— READ FIRST RECORD OF FIRST HISTORY TAPE. 0970
30 K1 = 0 0980
Ix =1
IX1 = 3
REWIND IX 1000
READ  {(IXINRECs NHISTs NGs THTAPEs ILAST 1010
¢ meee- VERIFY TAPE PUT ON UNIT IXe. 1020
DO 50 1 = 19 NHT 1030
IF (IHTAPE=~MIGHT(I)) 50s 40s 50 1040

40 X1 = 1 1050



50
60
70

20
90

100

110

120
130

140
150

160

129

MIGHT(I) = 0

J=1
GO TO 60
J =1
----- ERROR 1F WRONG TAPE PUT ON TAPE UNIT.
IF (K1) 80s 80s 70

IF (IHTAPE-MHTAPE(J)) 80s 100y 80
WRITE (6990)H(1)s H(2)s IHTAPEs H(Ll)s H(2)s MHTAPE(J)
FORMAT (14HOTAPE LABELED » A6sA34+14436H WAS LOADED INSTEAD OF TAPE

1 LABELED 3A64A3514919He PROBLEM STOPPED. )

CALL EXIT
-====RESET BEG AND KGRP,
DO 110 M1=1,520
REG(*1) = BEGGER(JsM1)
DO 110 M2=143
KGRP(425M1) = 0
----- DETERMINE NOoOF RECORDS(NH1) AND NOs OF LeRECsCOLs(NHP),
BSUM = 040
NHP = 0
NH1 = 7999
IF (J=NHT) 130s 120s 120
MH1 = MKREC(1) = 1
CALL RECORD (NSGs NH1s BEG(1)s KGRP(1s1))
IF (J=NHT) 160y 140s 140
IF (MKREC(2)=20) 150y 150s 160
MH1 = NH1 = 1
NHP = MKREC(2)
----- PUT CORRECT SET OF CROSS=~SECTIONS INTO CORE FROM TAPE)
REWIND IX1
PO 180  Ml=1, NSG
IF (BEG(M1)=0,5) 1705 1705 190
READ ( 9 )
CONTINUE
CALL CRSRED
=--ANH1 FULL RECORDS OF COLLISION DATA WILL BE CONSIDEREDs
IF (NH1) 310s 310s 200
120 = 20
PO 300 I= 1, NHI
READ  (IX)(XND(L)s YO(L)s ZO(L)s AD(L)s BO(L)s CO(L)s EO(L)) WO (

1L)s XZZsY7Z 9277 WZZs NRZZ 9 AW(L)sEXZZs NR1
2{L)s L=15120) "

nn 300 KILP = 1, 120
BSUM = BSUM + 1,40

ME1 = NRI(KLP)

vwE?2 = NREG

ME3 = 0

DO 260 J = ME1sME2

IF (J = 2) 2359 2609 235

CALLL SEARCH (JsXO(KLP)sYO(KLP)sZO(KLP) sNR1(KLP) sMSRCHsKESC2)
1= (MSRCH) 2609 260s 280

1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240

1260
1270
1280
1290
1300
1310
1320
1330

1350
1360

1380
1390
1400
141C
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530

1560
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760 CONTINUE

IF  (“E3) 2655 265y 279
265 MEL = 1

“E2 = NRL(KLP)

VE3 = 1

GO TO 230
270 URITE (69275 )XO(KLPYs YO(KLPYs ZJ(HLP)

275 FORMAT (57HOCAMNOT FInD INSIDE REGICHN FOR PARTICLE WITH COOURDINATE '

1S +1P3E124492X510H IN HEATL 1}
GO TG 300
280 NRL(KLPY = J
IF (BSUM - BEGIML)) 2908 290s 215
215 1 = M1 + 1
BSUM = 040
CALL CRSRED
290 CALL HEATZ2 (KLPs MI)
300 CONTIMUE

————— READ PARTIAL REICURDa
310 IF (MHP) 330s 3309 329
320 120 = NiIP
NHP = 0
NH1 = 1
GO TO 210
—me=SEARCH FOR AROTHER HISTURY TAPE.

330 CALL SLITE (09
DO 350 I = ls NHT
IF (MIGHT(I)) 250, 350s 340
340 CALL SLITE (1)
FI = ™MIGHT(1)
MIGHT(I) = ©
J=1
GO TO 360
350 J=1
360 CALL SLITET(1,K000FX)
GO TO{370s1000)sKIO0FX
—====PUT HEJ4 HISTORY TAPE Ot A TAPE URNIT.
370 IX = 2
REWIND IX
READ  (IX)HMRECs NHISTs NGs IHTAPEs ILAST
GO TO 70
1000 RETURN
END

1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1730
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1380
1890
1900
1910
1920

2070
2080
2100
2110
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C SUBROUTINE HEAT2 IN ANALYSIS CODE AO2. SUBOO10C

O 0~ W LN

SUBROUTINE HEATZ2 (KZsMZ) . SUB0Q20

COMMON /CROSS/ NENEGYs ENERGY(100)s» TCS(8»100) .

COMMON /JUNK/ As AD(20)s AAL(20)s AP12s ATs AT1(20)s ATWT(8)s
Bs BO(20)s BAL(20)s Cs CO(20)y CAL1(20)s CROS» CRSSs DELCTy
DIST™Ms DSQDs Es EAL(20)s EO0(20)s ELOCUTs EGRP(20) s ESI(8)s
ESUM(20)s EPRINT(21)s GPRINT(21)s ESPs GRAD(21)s HI(2)s HE(2))»
ICOLs IEINTVs IEMAXs IEPMAXs IETAB(20)s IGINTVs IGPMAXs THl»
IH2s IHTAPESs JLINOs ,ILASTs IPPMAXs IREGSCs J2NO»s JMs JTAPES
JTAPEls JTAPEZ2s JAsy JIs Ky Kls KESC2s KGRP(3520)s KLMAXs KRECQCH
KSs KTAPEs L1s L2y L3y LBJy LZs MATREG(50)s MHTAPE(2)s MIGHTI(2)»
MNOs NB1ls NELs NGs NHTs NHISTs NOINTs NNs NRs NRL{20)s NR2»
NR1A1(20)s NRECs NUBs NLIBs NSGs PIDs Qs IQIDsy Ss SUMSy T(50520)

COMMON TM(B89100)s WEXP(20920)s WEXPALl(20)s WO(20)s X» XO0{(20)»

1 X2s XAl1(20)s Ys YO(20)s Y2s YAL(20)s Zs 20(20)s 225 ZALL20)s
2 DN(10s8)s ISRCTPs ISRCRCs NMATs ETMs EMAX(20)s ILOCs TL(21)»
3 BEG(20)s LSOs ILOCUTs WEXPDs BEGGER(20,20)s NTAPs JSENSEs
4 AW(20)s IX1ls MKREC(2)s INLIBR(11)s INSUPR(20)s INELEM(8)9
5 GSUM(20)s P(50+20)
5 /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF{ 75)s XF{ 75)s YF( 75)»
6 IBN(50s9)s MPR(5059)s NB(50)s EPSLs NBDs NREG ’
2 /CARDC/ 1Ss 1S1s ILs ILls FLIBs NPRINT(9), MS
C SUBOBOO
ZHIST=NHIST SUBOBLU
100 FORMAT (15HOHEAT2 LOCATIONs I3) SUB0BZ0
IRND = 0 SUB0830
K = KZ SUB0840
KS = MZ SUB0850
CALL SLITE (0) SUBU86O
X = X0 (K) SUBO8 70
Y = YO (K) SUBLBBO
Z = 20 (K) SUB0890
A = A0 (K) SUB0900V
B = BO (K) SUBD91LU
C = CO (K) SUB0V920
E = EO (K) SUBU930
W= WO (K) SUB0940
NR= NRL(K) SUB0YS0
AT= Ay (K) SUBO960
IF (JSENSE) 465y 4655 200 SUBO9TV
200 wp=1 SUBU9BO
WRITE (65100)MP SUB09Y0
, WRITE (65205)Ks KSs NRs Es Ws AT SUBLOVO
205 FORMAT (20HOKs KSs NRs E» Ws AT/5X331693E1244) SUBL010
WRITE (69206)Xs Yy Zs As By C SUBLO20
206 FORMAT (20HOAs Bs Cs Xs Ys Z /5X96E1244) SUBL030
C SUBL104U
C CARDS ™M102 THRU M128 ARE DUPLICATES OE A PART OF AlA2 (ANALYSIS AO01l)  SUBL050

465 IF (NR=2) 510s 470s 510 SUBl1060
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470 NOINT=1
S=1e0E+6
GO TO 600
510 DISTM=1.0E+6
NB1=NB(AR)
J1=0
DO 550 13=1,ANB1
J3=IARSUIBN(NRsI3))
CALL DIST (XsYsZsA3BsCsJ3sSsP1sP2,4P3)
CALL SLITET(3sK000FX) '
50 TO(5509520) sKOOOFX
520 IF (5=D1STH) 5309 550 550
530 DISTM=S :
J1=13
550 CONTINUE
S=NIST™
NR3=MPR(NR s J1)
“MR1= TABS(IRN(NRsJL))

NOQ = MATREG({NR)

IF (IRND) 990s 600 990
60C CALL INTERP (EsMNDOsCROS)

IF (JSENSE) 615 6159 605
605 Mp=2

WRITE (69100)MP

WRITE (69610)KSsIETABIKS) sMNOSEMAX(KS) sE»CROS
610 FORMAT(4THOKSs IETAB(KS)s MNOs» EMAX(KS)s Es CROS /

1 5X931693E1264)
615 DO 630 J=2s 1EPMAX

IF (E=EPRINTLJ)}) 6208 6209 630
620 KE = J=-1

GO TO 640
630 COMTINMUE
640 IF (MNO) 645y 647y 645
645 TLIKE) =(W/CROS)#(1le O=EXP(=S*¥CROS) )

GO TO 4650
647 TLIKE) = WS
650 T({HR ¢KE)Y = TINR sKE) + TLI{KE)

EXPO= 1la0
660 EAPD= EXPN%® (EXP(=5%#CROS))

X X + A*S

Y Y 4+ B#s

z Z + (xS

CALL DF7 (MReXsYsZoNBLoMR3sKESCZ)

IF (JSEMNSE) 6683y 668 662
662 VpP=3

HRITE (69100)4P

WRITE (69664 )KEsNR3sMR oW sSsyTLIKE) s TINRIKE)
664 FORMAT(36HOKEs MR3s NRs Ws Sy TL{KE)s T(NRsKE)/5X931694E12.4)

VRITE (696H66)VEXPOaXsYoeZsX2sY¥2e22

#oHon

$UB1210
5UB1220
suBla23o
SUB1240
SUB1250
SUB1260C
sUB1270
s5uUBl1z280

SUB1300
SUB1310
SUB1320
5UB1330
SUBl340
SUBL1350
SUB1360
s5UB1370
SUB1380
SUB1390
SUB1400
SuUBl410
SUB1420
SUB1430
SuUBl44Q
SUBl450
sSUBl1460
SuUBl470
SuUBl480
SUB1490
SUB1500
s5uUB1510
SUBl1520
SUBL1530
SUBL540
SUB1550

~SUB1560

SUBLSTO
SUB1580
SUB1590
SUB160U0
SuUBleld
SUB16420
SUBL630V

SUBL1660
SUBLl670
SuUB1680
SUB169V
SUBL17U0
SUBL710
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666 FORMAT(26HOEXPOs Xs Ys Z9 X2» Y2s 22/5XsTE1244)

668 IF (NR =2) 67051100y 670
670 IRND ='2
"GO TO 510

990 CALL INTERP (EsMNOsCROS)
Do 1010 J = 2s IEPMAX
IF (E = EPRINT(J)) 1000s 1000, ,1010
1000 KE = J4 = 1
GO TO 1020
1010 CONTINUE
1020 IF (MNO) 1040s 1030s 1040
1030 TL(KE) = wxEXPO*S
GO TO 1050 ,
1040 TL(KE) = (W/CROS).* EXPO¥* (1e0=-EXP(~S * CROS))
1050 TINR sKE) = TI(NR sKE) + TLI(KE) :
GO TO 660
1100 GO TO (2000s 1150 1200)s LSO
1150 GAM = C
JGAM' = IGPMAX
Do 1170 J = 1s IGPMAX
IF (GAM=GRADtJ)) 1170, 1170s 1160
1160 JGAM = J=1
GO TO 1180
1170 CONTINUE
1180 WEXP(JGAMsKE) = WEXP(JGAMsKE) + W*EXPO
IF (JSENSE) 2000, 2000, 1185
1185 MP=4
WRITE 169100)IMP _
WRITE (651190)KESJGAMsWsEXPOsWEXP ( JGAMSKE) »GAM$GRAD(J)
©1190 FORMAT(4THOKEs JGAMs Ws EXPOs WEXP(JGAMSKE)»s» GAMs GRAD(J)/75Xs216s
1 5E1244)
GO TO 2000
1200 WEXPD = WH*EXPO/ZHIST
CALL ESCAPE
1F (JSENSE) 2000s 2000 1210
1210 MP=5
WRITE (65100)MP
WRITE (651220)IWsEXPOsZHISTyWEXPD
1220 FORMAT (22HOWs EXPOs ZHISTs WEXPD/5Xs4E1264)
2000 RETURN
END '

sSUBL720
SUB1730
SUBL740
SUB1750
SUB1760
SUB1770
SUBL1780
SUB1790
SUB1800
suBlsglo
SUB1820
SUB1830Q
SUBL84Q
SUB1850
SUB1860
SuUB1870
SUB1880
SUBL8YU
SUB1900
SUB1910
SUB1920
SUB1930
5UB1940
SUB1L950

SUB1970
SUB1980
SUB1990
SUB2000
SUB2010
SUB2020
SUB2030
SUB2040
SUB2050
SUB2060
SUB2070
SUB2080
SUB2090
SUB210Q
syBz211lo
suUB2120
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C SUBROUTIME CRSRED IN ANALYSIS CODE AO2e
SURROUTINE CRSRED
COMMON /CROSS/ DUM(901)

READ (9 JADUM(N)s N=1s 901 )
RETURN
END

SUBOO10
SUB0020

s5UB0080O
SUB0O120
SuUB0130
SUB0140
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SUBROUTINE INTERP (EsMNQOsCROS)
Caytagtt /CROSS/ NEWEGYs ENERGY(100)1s TCS(85100)

CALL FIANDER (MENEGYsEsJAZSENERGY) )
CROS = TCSIMNOsJAZ) + (TCS(HMNO9JAZ+1)=TCS(MNOs JAZ) ) ¥ ( (E~ENERGY (JAZ

1))/ (ENERGY (JAZ+1)=ENERGY (JAZ) ) )
RE TURN
En
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C SUBROUTINE ESCAPE IN ANALYSIS CODE AOZ SUB0OO1O

SUBROUTINE ESCAPE SUB0020
C SUBO030

Nolis JBENo BRGNS RVVIS VR o

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS(85100)

COMMON /JUNK/ As AD(20)s AAL{20)s AP12s ATs AT1(20)s ATWT(8)s

Bs 30(20)s BA1(20)s C» CO(20)s CAL1(20)y CROSy CRSSs DELCTs
NISTYM, DSQDs Es EAL1(20)s EO(20)s ELOCUTs EGRP(20)y ESI{(8),
FSUM{20)s EPRINT(21}s GPRINT(21)s ESPs GRAD(21)s H(2)s HE(2)s
ICOLs IEINTVs IEMAX, IEPMAXs IETAB(20)s IGINTVs IGPMAXs IHLl»
M2y IHTAPEs JINOs ILASTs IPPMAXs IREGSCs JZNO» JMs JTAPES
JTAPELls JUTAPE2s JAs JIs Ks Kls KESC2s KGRP({3,20)s KLMAXs KRECH
KSs XKTAPEs L1y L2s L3s LBJs LZs MATREG(50)s MHTAPE(2)s MIGHT{(2)s
MivOs NBls NELs NGs NHT» NHISTs MOINTs NMs NRs NRI{20)s NR2»
NR1IA1{20)s NREC» NUBs NLIBs NSGs PIDs Qs IQIDs S» SUMSs T{5020)

COMMON TM{8+100)s WEXP(20520) s WEXPAL{20)s WO(20)s Xy XO(20)s

1 X2s XA1(29)s Ys YO(20)s Y23 YALIL20)s Zs Z0{20)s Z2s ZA1(20}»
2 DN{1D98)s ISRCTPs ISRCRCs NMAT, ETMs EMAX(20)s ILOCs TL(21)»
3 BEG(20)s LSOy ILOCUTs WEXPDs BEGGER(20+20)s NTAPs JSENSE,
& AW(20)s IX1e MKREC(Z2)s INLIBR(11)e INSUPR(20)s INELEM(8),
5 GSUM(20)s P(50+20)
5 JGEOVL/ IBT( 75)re AF( 751y ZF( 75)s CF{ T75)s XF{ 75} YF{ 75)»
6 IBN(5059)s MPR(5099)y NB(50)s EPSL» NBDs NREG
2 /CARDC/ 1Sy IS1ls ILs IL1ls FLIB» NPRINT{9)s MS
C SUBO86D
ICOL = ICOL + 1 SUBOST70
WEXP AL(ICOL) = WEXPD SUB0O88BO
E AL{ICOL) = E SUBOB90
X AL{ICeL) = X SUBOSOL0
Y AL(ICOL)Y = Y 5UB0910
Z A1(ICOL) = 2 SUB0920
A AL(ICOL) = A SUB0930
B AL{ICOL) = B sSUB0940
C Al(ICOL) = C SUBO950
NR1 AL(ICOL) = NR SUB0960
IF (ICOL=20) 509 209 50 SUB0O970
20 XREC = KREC + 1 SUB0980
WRITE ( IX1 JIXAL(I)YsYAL(I) eZAZ(I)sAAL(T) oBAL(I)sCAL({I) & E SUBU990
TAL(1) o WEXPALLTI) sNRIAL(I)9I=1920 ) SUB1000
ICOL = O SUB1010
IF (XKRET -~ 8000) 509 309 30 SUB1020
3C JTAPEZ2 = JTAPE2 + 1 SUB1040
IF (NG=1) 31y 33 35 SUB1050
31 YWRITE (6332) SUB1060
32 FORMAT {(1H14T7X7THNEUTRON) SUB1070
GO 10 37 5UB1080
33 WRITE (64934) SUB1090
34 FORMAT (1H1s438X5HGAMMA) SUB1100
GO TO 37 SuUBlllo
35 WRITE (6435) SUB1120
36 FORMAT (1H1s44X15HSECONDARY GAMMA) SUB1130
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WRITE

&
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(6933)0L 1) 910 {2) s J2t0OsPID s NNNsKRECSNHISI

1 PROUBILED sA4s12/ 13H
79194 [HITIAL HISTORIESS)

KREC =
IX1 =

J2no =
REWIND
RE TURN
END

4

0

J2NO + 1
IX1

IT CONTAINS

s 154194 RECORDS

BASED ON

216

SUBL140
SUBl1150
5UBl1160
SUBLL1TO
sSuUB1180
SUB1199

5UB1240
SUB1250
S5UB1260
SuUBl270Q
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SUBROUTINE SEARCH (KAsX1sY1sZ1sNR1sMSRCHsKESC2)
COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF{ T75)s XF( 75)»
1 YF( 75)s IBN(50s9}s MPR(50s9)s NB(50)s EPSL» NBDs NREG

MSRCH = O
K = KA
JZ = NB(K)

DO 200 I=1sJ2
JZ1 = TABSC(IBN(KsI )
JZ2 = IBT(JZ1) .
IF (JZ2) 6y 6.5
5 1IF (JZ22=9) 8s 8y 6
6 WRITE (697) JZ2s JZ1s Ks JZs» NR1
7 FORMAT (18H THE VALUE OF IBT=s15520H FOR BOUNDARY NUMBERsIS5s1lHs/
128H OR NB(NR2) MAY BE IN ERRORe/ 4H NB{5I2s2H)=91335HsNR1=s12)
CALL EXIT
8 GO TO {10920930940550960570980990) s JZ2
10 XR =(X1=XF{JZ1))*%#2 + (Y1l=YF(JZ1))¥%2 = AF(JZL1)*¥(Z1=ZF(JZ1) }%#*¥2
1 =CF(JZ1)
GO TO 100
20 XR ={X1I=XF(JZ1))##2 + (YL=YF(JZ1))%##2 = AF(JZ1)#(Z1=2F(JZ1) ) #%2
GO TO 100
30 XR F(X1=XF(JZ1))%#%2 + (Y1=YF(JZ1))%%2 =~ (AF(JZL}*(Z1=2F{J21)}))
1%%2
GO TO 100
40 XR =(X1=XF(JZ1))*%2 + (Y1=YF(JZ1))*%2 = AF(JZLl)*%2
GO TO 100
50 XR =(=X14+XF(JZ1))#SIN(AF(JZ1)) + (Y1=YF(JZ1))*COS(AF(JZ1))
GO0 TO 100
60 XR =Z1=-AF(JZ1)
GO TO 100
70 XR =X1=AF(JZ1)
GO TO 100
80 XR =Y1l=AF(J21)
GO TO 100
90 XR =X1#AF(JZ1) + YLI#ZF(JZ1) + Z1I*¥CF(JZ1l) - XF(Jzl)
GO TO 100
100 IF (IBN(KsI)) 110, 130y 130
110 IF (XR) 200y 2009 250
130" IF (XR) 250y 200y 200
200 CONTINUE
MSRCH
KESC2
NR1 = K
250 RETURN
END

1
NR1
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C SUBROUTINE DF7 FOR CODES HOls AOls AND AO2. SUBOOLO
SUBROUTINE DF7 (NR1#X19Y1sZ1lsNBlsNR2»KESC2Z)
COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( 75)s XF( 75)»
1 YF( 75)s IBN(50s9)» MPRI50,9)s NB(50)s EPSLs NBDs NREG

525 FORMAT (49HOCANNOT FIND REGION FOR PARTICLE WITH COORDINATES, SUB0220
1 1P3E12e4 ) SuB0230
600 IF (NRZ2=2} 605 602s 605 $VUBG240
602 XKESCZ2 = NR1 SUB0250
MR1 = 2 suUB0260
GO TO 700 SUB0270
605 JEZ = NREG $UB0280
JAZ = NR2 SUB0290
NCY = O SUB0300
610 DO 650 I=JAZsJEZ SUB0310
IF (I = 2) 620s 6505 620 SUB0320
620 CALL SEARCH (IsX1lsY1sZ1sNR1sMSRCHIKESC2) SUB0330
IF(MSRCH) 65096504700 SUBO350
650 CONTINUE SUB0360
IF (NCY -~ 1) SUBO370
655 JEZ = 1 5UB0380
JAZ = 1 SUB0O390
NCY = 1 SUB04Q0
GO TO 610 SUB0410
665 JAZ = 3 SUB0420
JEZ = NRZ SUB0430
NCY = 2 SUB0440
GO TO 610 SUBQ450
670 WRITE (69525)X1s Y1y Z1 SUB0460
GO TO 602 'SUB04T0O
700 RETURN SUB0480

END 5UB0490



140

SUBROUTINE FINDER (NENEGYsEsJAZIENERGY) 0002
DIMERSTON  ENERGY(100) 0003
FNEGY = NENEGY 0004
JUHP = FNEGY/2eD + 065 0005
LOE = Juvp 0006
DO 30 1=1s56 0007
FJUYP = JUMP 0008
JUrP =FJUMP/2.0 + 045 0009
IF {E = ENERGY(LUE)) . 10, 50s 20 0010
10 LOE = LOE + JUWP 0011
30 TO 30 0512
20 LOE = LOE = JUwP 0013
30 CONTINUE 0014
IF {E = ENERGY(LOF)) 40, 505 50 0015
40 JAZ = LOE 0016
00D TO 60 0017
50 JAZ = LOE = 1 0018
50 RETURN col9

EuD 0020



10

20

30

40

50

55

60

70

75

80
85

90

100
105
106

l1¢@

112
120
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SUBROUTINE DIST (XsYsZsAsBsCsI1sSsP1,P25P3)

COMMON /GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF{ 75)s XF( 75)»
1 YF( 75)s IBM(5059)s MPR(50s9)s NB(50)s EPSLs NBDs NREG

11 =1 '

12 = IBT(IL)

GQ TO (10520530540550560570980590) » 12

Pl = A%%2 + B%%2 = AF(I1)#C%%2 ,

P2 = A¥(X=XF(I1)) + B#(Y=YF(I1)) = C*AF(I1)%(Z=2F(I1))
P3 = {X=XF(I1))%%2 + (Y=YF(I1))#%2 =~AF(I1)%(Z=2F{I11))%%2 = CF(I1)
GO TO 100 o

Pl = A®¥2 + B¥¥*2

P2 = AR{X=XF{I1)) + B#¥{Y=YF(I1}) = Qe5#AF(I11)%C

P3 = (X=XF(I1))##2 4+ (Y=YF(I1))#%2 = AF(IL}#{Z=ZF(11))
GO TO 100 , _

Pl = A%%¥2 + B##2 =(AF(I1)%C)#*%2

P2 = AR(X=XF(Il)) + B¥{Y=YF(I1)) = (AF(I1)#*%2)%Cx(Z=ZF(11))
P3 = {(X=XF{I1))#%2 + (Y=YF(I1))%%2 = (AFCIL)I®{Z=ZF(I1))}%%2
GO TO 100

Pl = A%%2 + B#x%2

P2 = A®(X=XF(I1)) + B¥(Y=YF(I1))

P3 = (X=XF(IL1))##2 + (Y=YF(Il})%#2 = AF(I1)%%2

GO TO 100

Pl = SIN(AF(I1))

p2 = COS{AF(IL1))

P3 = =A%Pl + B#P2

IF (P3) ‘ 559 2009 55

S = ((X=XF(I1))%P1 = (Y=YF{I1})*¥P2)/P3 + EPSL

GO TO 150

IF (C) 659 200y 65

S = {(AF(I1)=2)/C) + EPSL

GO TO 150

IF (A)y 75 200s 75

S = ((AF(I1)=X)/A) + EPSL

GO TO 150

IF (8) B5s 200 85

S = {(AF(I1)=Y)/B) + EPSL

GO TO 150

Pl = A®AF(I1) + B*ZF(I1) + C*#CF(I1)

IF (P1) 954 200y Y5

S = (XF(I1l) = X#*AF(I11) = Y®ZF({I1l) = Z#CF(I11))/P1l + EPSL

GO TO 150

IF{ABS(PL)=140E=T7) 105s 105y 110
IF(ARS(P2)=140E=T7) 200 2004 106
S = =Deb # P3/P2 + EPSL

GO TO 150

p2 = P2/P1

P3 = P3/P1

IF (P2) 120s 120, 112
1IF (P3) 130s 130, 200

P4 =P2¥%2 = P3



125
130

140
150
200
250
300
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IF  (P4+]1,0E=5) 2009 200y 125
IF (P3) ) 130y 140, 140
S = =P2 + SQRT(P2#%2=P3) + -EPSL

GO TO 150 ' ,

S = =P2 - SQRT(P2%%#2~P3) + EPSL

IF (S - EPSL) 200» 200» 300

CALL SLITE (3)
S = 240 # EPSL
RETURN

END
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SUBROUTINE RECORD IN CODES A0l AND A02y WHICH CALCULATIONS KGRG(IsJ) 0002
SURRQUTINE RECORD (NSGs LATJls BEGs KGRG) 0003
DIYENSION BEG(20)s KGRG{3920) V004

0005

I=1 == MUMBER OF COLLISIONS FOR SUPERGROUP J ON FIRST RECORD y006
122 —= HUMBER OF FULL RECORDS FOR SUPERGROUP J 0007
[=2 == MUMBER OF COLLISIONS FOR SUPERGROUP J ON LAST RECORD U008
uou9

Ry = NeN . 00190

DD 100 J=1s NSG Vo1l

17 (REG({J)=eb) 100s 100y 10 00l2

1. IF (8J = BEG(J)) 30 20y 20 0Jl3
270 KORGILeJY, = BEGILD) VUl4
CORG(29d) = 0 0015
KGRG(3sJ) = O VUl6

£1 = KGRG(1lsJ) Vol7

By = BY - F1 Vols

o T 109 00Ll9

30 <GRG(leJ) = BY 0020
KGRG(2sd) = (BEGIJ)I-BII/2060 V021

Fl = ¥GRG(2sJ) vo22
KARG(39J) = BEG(J) = BJ = 20,0%F1 uu23

By = 20 = XGRG(3s4) 0024

IF (BJ = 20,0} 100s 404 40 0325

40 54 = N0 00Zs

120 CONMTI~NUE Va7
KLSyU* = O Q028
<1 =0 0029
D0 200 J=1ls HSG SISETV
IF (BEG(J)=a6) 200y 200 110 EP

113 KSU™ = KSU + KGRG(29J) VG322
IF (KGRG(34J)) 200s 209y 120 0033

120 %SUY = KSUM + 1 0034

207 CONTINUE 2¢35
I7 (LATJ1 = KSUY) 210,y 300y 210 0036

210 JHTAPE = JHTAPE + 10000 G037

SRITEL(69220) JUHTAPE ’ vo38
220 FOR™MAT (85HOTHERE IS AN INCONSISTENCY BETWEEMN THE NUMBER OF RECORL  0U39
1S O TAPE TO BE LABELED SORTEDsI4 /41H AND THE NUMBER OF EUTKIES 0U40

2PER SUPERGROUP) 041
CALL EXIT 0042
300 RETURYN 0043

= Q044
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SUBROUTINE RESULT

C ROUTINE RESULTS IN HISTORY GENERATION CODE AO2e

O W NS W

W N b

o~
fa

NOYW» WU

COMMON /CROSS/ NENEGYs ENERGY(100)s TCS{(8»100)

COMMON /JUNK/ As AO(20)s AAL(20)s APL2s AT» AT1(20)s ATWT(8)
Be BC(20)s BAL(20)s Cs CO(20)s CAL(20)s CROSy CRSSs DELCT,
DISTMs DSADs Es EAL(20)s EO(20})s ELOCUT» EGRP(20)s ESI(8))
ESUM{20) s EPRINT(21)s GPRINT(21)s ESPs GRAD(21)s H{2)s HE(2)»
ICOLs IEINTVs IEWMAXs IEPMAX, IETAB(20)s IGINTVs IGPMAXs IH1»
IH2y IHTAPE,s JINOs ILASTs IPPMAXs IREGSCs J2NOs JMs JTAPE
JTAPELs JTAPE2s JAs JIs Ks Kls KESC2s KGRP{3520)s KLMAXs KRECS
KSs XTAPEs Lls L2s L3s LBJs LZs MATREG(50) s MHTAPE(2)s MIGHT(2)s
NOs NBLly NELs MGy NHTs NHISTs MNOINTs NMNs NRy» NRI(20}s NRZs
MR1IA1(20)s NRECs MUBs NLIBs NSGs PIDs Qs IQIDs Ss SUMSs T{50520)

COYNON TUM(B5100) s WEXP(20920)s WEXPAL(20)s WO(20)s Xy X0(20),
X2s XAL(2D)s Ys YD(20)s Y2y YAL(20)s Zs ZO(20)s Z2s ZA1(20)»
OM(1093)s ISRCTPy ISRCRCs NMATs ETMs EMAX(20)s ILOCs TL(21)»
BEG(20) s LSOy ILOCUTs WEXPDs BEGGER{2C»20)s NTAPs» JSENSE,
Ad(20) s IX1s MKREC(2)s INLIBR{11)s INSUPR(23)s INELEM(8)
GSUM(Z20)s P(50920) '
/GEOM1/ IBT( 75)s AF( 75)s ZF( 75)s CF( 75)s XF{ 75)s YF{.75)»
IRM(5099)s "PR(50s9)s NB(50)s EPSLs NBDs NREG
/CARDC/ ISy 151 ILs IL1s FLIBs NPRINT(9)y MS

ZHIST = NHIST
IGINTV IGPMAX - 1
IEINTY IEPMAX =~ 1
READ (5 $20)
READ (5 »30)

W

20 FORMAT (62H

1

}

30 FORMAT (62H

40
50
60
70
80
90

100

110

120
130

1

)
FORMAT (16HOPROBLEM NUMBER s A4s12 )
FORMAT (1H+26X9s BHNEUTRONS)
FORYAT (1lH+26X9s6HGAYMAS)
FORMAT (1H+26X»164SECONDARY GAMMAS)
FORYAT (234 HISTORY TAPES LABELED 2A69A3s1499H THROUGH 9sA6sA3s14)
FORMAT (22H LOWER ENERGY CUTOFF =43 E12¢595H MEVs)
WRITE (64+20)
WRITE (6930)
HRITE (6+40)PIDy NN
IF (NG-1) 100s 1109 120
YRITE (6450)
GO TO 130
WRITE (6960)
GO TO:130
WRITE (6570)
VIRITE (6980)H(1)eH{2) s IHLIoH(1) 9H(2) s IH2

HRITE (6+90)ELOCUT

0010
0020

0880
0890
0900
09190
0920
0930
0940
0959
0960
0970
0980
0990
lovo
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150



135
137
140
150

153
156
159

160 .

220

225
226
230
240
300

303
306
309

319

349

350
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IF (JSENSE) 140 140, 135

WRITE (651371150

FORMAT (12HO RESULTS le// 6H LSO =312}

GO TO (300s 159, 200)s LSO

“OP = D .

DD 160 KE = 1y IEINTV

D0 160 JGAM = 1s IGINTV

IF (JSENSE) 159s 159 153

WRITE (69156)JGAMs KEs WEXP(JGAMsKE)

FORMAT (6H WEXP(sI12s1HeI254H) = +1PE12e4)

PIJGAMs KE ) = 040

P{JGAMSKE) = WEXP(JGAMsKE) / ZHIST

CALL MPRINT(MOPsIGINTVSsIEINTVsGPRINT(1) sEPRINT(1) s P(1s1))
GO TO 300

JTAPEZ = JUTAPE? + 1

NN = NN+ 100

WRITE (69220)P1Ds NN

FORMAT (T71HOTHE FOLLOWING TAPES CONTAINING LEAKAGE DATA WERE GENER

IATED IN PROBLEM 9A4s12/17X10HTAPE LABEL 95X14HNOe OF RECORDS»5X16HN
206 OF HISTORIESsSX13HTYPE PARTICLE )

K4 = J2H0 = JUTAPEZ + 1

D0 230 K3= K&y J2HO

KRECE = 80209

IF (K3=J2NO) 226y 2259 226

KRECE = KREC

HRITE (69240)HE(L) s HE(2) s K3sKRECESNHISTHNG
CONTINUE

FORMAT (1HD915XA69A3514+112+1205]118)

MOP = 1

PO 310 K& = 1y [EINTV

DO 310 NAP= 1, NREG

I (JSENSE) 3099 209y 303

TINAPSKE)

WRITE (69306)NAPs KEo
2 12s4H) = $1PEL12e4)

FORMAT (3H T(sI2s1H
P{MAPoxKE) Oef
P{MAP9iKE) TIMAP9XE) / ZHIST

CALL “WPRINT (MOPsNREGsIEINTVs GPRINT{1)s EPRINT(1)s P(1s1))
DO 340 I=1s4T

SMAY = HTAPE(I)Y + 100990

CoxTIinuk

VRITE (69350)P10s M

FORVAT  (L5HIEAND OF PROBLER o Adsl2)

RETURN

o

1160
1170
1180

1190

1200
1210
1220

1250

1270
1280
1300
1420
1430
14490
1450
1460
1470
14890

15090
1510
1520
1530
1540
1559
1560
1579
1530
1590
1600

1630
1710
1720
1740
1750
1760

1780
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C SUBROUTINE MPRINT IN ANALYSIS CODE AQ2.

300

320
321
322
323
324
325
326
327
431
443

1195

11190

1115

C
1117
1120

C LESS THAN 9 ANGLES AND/OR REGIONS TO BE PRINTEDe

1121

1122 FORMAT(1HO»13X383HANUMBER CURRENT VERSUS ANGLE AND ENERGY //8H

1123

1124

SUBROUTINE MPRINT (MOPsIGINTVSIEINTVsGPRINTSEPRINT oWEXP)

DIMENS
1sMRAT({
DO 300
MRAT (K

ION GPRINT(51)s EPRINT(21)s WEXP(50s20)s ESUM(50)»GSUM(20)

50)

K3 = 1ls IGINTV
3) = K3

ME = IGINTV/S

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(1H+ 17X3HSUM)
{1H+ 30X3HSUM)
(1H+ 43X3HSUM)
{1H+ 56X3HSUM)
{1H+ 69X3HSUM}
(1H+ 82X3HSUM)
(1H+ 95X3HSUM)

FORMAT (1H+108X3HSUM)

FORMAT (1HOsE11¢598E1345)

FORMAT (1HO/5X3HSUMs4Xs8E1345)

DO 1105 JGAM=1sIGINTV

ESUM(JGAM) = 040

DO 1110 KE =1s IEINTV

GSUM(KE) = 040

K2 = 0

IE1 = IGINTV

DO 1115 JGAM = 1, IGINTV

DO 1115 KE = 1y IEINTV

ESUM(JGAM) = ESUM(JGAM) + WEXP (JGAMsKE)
GSUM(KE) = GSUM(KE)  + WEXP(JGAMsKE)
ME1 = ME

IF (ME1 ) 1120s 1120 1165
IE1 = IE1 + 1

K1 = K2 + 1

K2 =1

GINTV

Ka=Kl+1
K5=K2+1-
IF (MOP) 1121, 1121 1124~

WRITE

1GY s 15X
WARITE
FORMAT
GO TO
WRITE

(641122}

21HPOLAR ANGLE (DEGREES) )
(651123) (GPRINT(K3)» K3=K4sK5)
(10H (MEV) »  8F1343)

1127

(641125)

ENER

1125 FORMAT(1HO913X31HFLUXES VERSUS REGION AND ENERGY //8H ENERGY»20X1

1126

1127 GO TO (113051131911325113391134911359113651137)0

1130

13HREGI
WRITE
FORMAT

WRITE

ON NUMBER )
(651126) (MRAT (K3} s K33K19K2)
(74 (MEV)s 8113)

(643201}

IEL

£uUB00l0
SUB0020
SUBO030
SUB0040
SUBOQ70
SUB0080O
SUB0090
SUB0O100
SuUBO110
SUB0120
SUB0130
sSuUB0140
SUBO0150
SuUBO160
SUBO170
SuUB0180
SUB0190
SUB0200
SUB0210
SUB0220
SUB0230
SUBQ240
5UB0250
SUBD260
SuUB0270

SUBO0300
SUBO310
SUB0320
SUB0330
SUB0340
SUBO350
SUB0360
SUBO370
SUB0D380
SUB0390
SUB040OO
5UBO410
SuUB0420
SUBO430
SUBO44V
SUBO450
5UB0O460
SuB0470
SUBC480
SUB0490
SUB0500
SuUBO510
SUB0520
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GO TO 1140 SUBOS53U

1131 WRITE {6+321) SUBD540
GO TO 1140 SUBO550U

1132 WRITE (64322) SUBV560
GO TO 11490 SUB0O570

1133 WRITE (69323) SUBO580
GO TO 1140 SUBO590

1134 wWRITE (69324) SUBD6UD
G0 TO 1140 SUBO610

1135 WRITE (64325) SUBQ620
GO TO 1140 SUBD630

1136 WRITE (6+326) SUBQ64D
GO TO 1140 SUBD650

1137 WRITE (69327) SUBO66D
1140 D0 11590 - KE = 1s IEINTV SUBO6TU
IF (1E1=-2) 1141y 11429 1143 SUBU680

1141 WRITE (69431)EPRINT(KE+L)s GSUMIKE) SUBD69D
GO TO 1150 SUBOTU0

1142 WRITE (69431)EPRINTIKF+1)s WEXP(IGIMTVSKE) s GSUM{KE) SUBOT10
GO TO 1150 SUBDT720

1143 WRITE (69431 )1EPRINT(XKE+1) s (WEXP(K34KE) sK3=K15K2) s GSUM(KE) SUBOT3Y
1150 CONTINUE SURJT4D
SUM = 040 SUBD 750

DO 1151 KE = 1y IEINTV SUB0T60

1151 SUVY = SUM + GSUMIKE) SUBVTTC
IF (IE1=2) 1152 1153, 1153 SUBO T80

1152 WRITE (6s443)SUM sSUB0TY0
GO To 1195 SUBO8OD

1153 WRITE (69443)(ESUM(KE)s KE=K1sK2}s SUM SUBD81V
GO TO 1195 SUBGS820

C EIGHT(8) ' POLAR ANGLES/GEOMETRIC REGIONS PER PAGE

1165 K1=K2+1 SUB0 840
K2=K1+7 SUBU8S5J
K&=K1l+1 SUBOBGED
K5=K2+1 SUBO8TO

IF (MOP) 1166y 1166 1170 SUBO8S8O

1166 WRITE (641122) ' SUBD8YOD
WRITE (691123)(GPRINTI(K3)s K3=K&4sK5) SUBO90O

Go TO 1171 SUBG910

1173 wWRITE (6+1125) SUB0920
WRITE (651126) (MRATI(K3) s X3=K1lsK2) SUB0930

1171 Do 1175 KE = 1y IEINTV SUBO940
WRITE {69431)FPRINTIKE+1) s (WEXP(K39KE) s K3=K1lsK2) SUBO950

1175 CONTINUE SUBU9&0D
WARITE (69443) (ESUM{K3)s K3=K1lsK2) SUBUSTU

MEl = MEl=1 SUBG980

IF1 = 1E1-8 SUB0990

50 TO 1117 SUB1000

C 5UB1010

1195 RETURN SuUB1020
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o SUBL030
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